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Abstract 
 
Freshwater ecosystems in south-western Australia have been extensively altered over 
the last two centuries as a result of human activities.  The effect this has had on aquatic 
fauna, particularly invertebrates, is largely unknown because of inadequate knowledge 
of the pre-existing fauna.  Future changes in the composition of aquatic fauna will also 
go undetected unless current distributions of existing species are well documented. 
 
This thesis addresses the problem by investigating the current distributions and 
conservation status of aquatic insects in south-western Australia from three orders: 
Odonata, Plecoptera and Trichoptera.  Extensive distributional data was collected by 
identifying larval specimens from a large number of samples collected throughout the 
south-west as part of an Australia-wide macroinvertebrate bioassessment project.  In 
addition, a database created from a species-level biological study of the wheatbelt 
region of Western Australia was utilised, and previously published records of 
occurrence for species within the south-west were compiled.  These results were then 
used to assess the conservation status of each species using the IUCN red list criteria. 
 
Environmental parameters measured at time of sampling were also examined using 
logistic regression to determine which factors are important in influencing the 
distributions of aquatic insects in south-western Australia.  The conservation value of 
sites based on Odonata, Plecoptera and Trichoptera compositions was also determined 
and the degree of protection provided for sites of high conservation value investigated. 
 
The high rainfall forested region of the south-west was found to be important for a large 
number of species, including the majority of those found to be rare and/or restricted.  iv 
Overall, 37% of species were found to be threatened, with the Trichoptera containing 
both the greatest number and highest proportion of threatened species.  Logistic 
regression results generally agreed with the distributions obtained for each species, with 
rainfall and other parameters indicative of streams in the headwaters of forested 
catchments being positively associated with species found to be restricted to the high 
rainfall region.  Two parameters known to be affected by human disturbance in the 
south-west, conductivity and nutrient concentrations, were found to be important in 
determining the occurrence of many species and this could have important 
consequences for aquatic insect conservation.  Widespread species occurring within the 
low rainfall region of the south-west did not show as many significant relationships to 
measured environmental parameters, possibly due to their greater ecological tolerances 
and adaptations which allow them to persist in a low rainfall environment.  The 
implications of results are discussed, and recommendations for the conservation and 
management of aquatic insects in south-western Australia are given. 
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General introduction 
 
1.1  The importance of aquatic insects 
Insects comprise the largest, most diverse class of organisms on earth (Zborowski & 
Storey 1995).  There are over 86,000 species of insects described in Australia, with 
many more awaiting formal description or even discovery.  Of those already described, 
less than five percent occur in inland waters (Williams 1980; Yen & Butcher 1997).  
Thirteen of the twenty-six insect orders found in Australia have aquatic representatives, 
of which only four (Ephemeroptera, Odonata, Plecoptera and Trichoptera) have juvenile 
stages which are almost always aquatic.  In comparison to their terrestrial counterparts, 
the insects of freshwater ecosystems are relatively depauperate.  However, their 
contribution to the diversity of aquatic ecosystems is often important, particularly in 
Australian temporary streams where insects have been found to make up more than 
three quarters of all aquatic fauna present (Boulton & Suter 1986). 
 
Freshwater insects, and other aquatic macroinvertebrates, play an important role in 
ecosystem functioning (New 1984; Yen & Butcher 1997).  As consumers at 
intermediate trophic levels, macroinvertebrates are influenced by both bottom-up and 
top-down effects.  Nutrient cycles, primary production, decomposition and translocation 
of materials within the ecosystem can all be affected by the activities of 
macroinvertebrates (Wallace & Webster 1996).  Diverse methods of macroinvertebrate 
feeding have evolved to utilise available food resources and these are important in 
regulating ecosystem processes that occur within the aquatic environment.  Feeding 
methods include both morphological and behavioural adaptations which can be placed 
into functional groups such as scrapers (graze algae and periphyton); shredders Chapter 1 - Introduction 
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(consume living or decomposing plant material and associated microflora and fauna); 
gatherers (feed primarily on deposited fine particulate organic matter); filterers (sieve 
suspended fine particulate organic matter from the water); piercers (pierce and suck 
contents of waterplant cells); and predators (feed mostly on animal prey either by biting, 
engulfing or piercing and sucking body contents) (Boulton & Brock 1999).  At higher 
trophic levels, aquatic insects can be important as a food source for fish and other larger 
organisms (Mosely & Kimmins 1953).  Categorizing any one species of aquatic insect 
as a keystone species is usually hard given the diverse communities they form.  Rarely 
does only one species exert major influence on the composition and dynamics of 
freshwater ecosystems, however, as a group they perform essential functions critical to 
ecosystem maintenance and resilience. 
 
1.2  The conservation of aquatic insects 
The conservation of the species richness and diversity of insects is widely recognised as 
being important for the maintenance of healthy ecosystem functioning (New 1984; 
Samways 1994).  The diversity of invertebrate species, including insects, is particularly 
important in aquatic systems due to the large and varied role they play in aquatic 
foodwebs.  Most research in the past has focused on understanding the functions and 
processes of aquatic systems, and only recently have species conservation and 
biodiversity issues been addressed (Yen & Butcher 1997).  Given the high rate of 
habitat removal and modification now occurring, many species will most likely require 
some form of conservation effort on the part of humans in order to prevent extinctions 
and maintain diversity.  At present, the two most common approaches to species 
conservation are reservation of land and individual protection of species (Michaelis 
1986; Yen & Butcher 1997). 
 Chapter 1 - Introduction 
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Reservation involves the setting aside of land to protect the habitats of species.  While 
the creation of conservation reserves often serves to protect many species of 
invertebrates, the selection and design of reserves in the past has not been specific to 
this purpose (New 1984; Samways 1994).  Most land designated for conservation has 
been selected on the presence and distribution of terrestrial ecosystems, on scenic values 
and/or recreation worth (Lake 1980; Yen & Butcher 1997; Saunders et al. 2002).  With 
basic information on distributions, conservation status and habitat preferences of aquatic 
insects relatively unknown, this system at present can do little to address their 
conservation needs.  It is important to take this information into account given the large 
degree to which aquatic fauna is affected by upstream, and within catchment, 
disturbances.  Activities some distance from a reserved area may have major negative 
impacts on aquatic systems within a protected area. 
 
The species approach is at present the most popular and widely used tool for 
conservation (New 1984; Yen & Butcher 1997).  This method involves the listing and 
protecting of species which are threatened with extinction, often through legislation.  
Listing involves making an evaluation of the conservation status of species, and 
maintaining a list of those believed to be threatened.  There are three levels of listing 
relevant to Western Australia; the international IUCN redbook listing, the 
Commonwealth Endangered Species Protection Act 1992 listing, and the Schedule 1 
listing of the Western Australian Wildlife Conservation Act 1950. 
 
Historically, the species approach to conservation has resulted in little attention being 
directed towards invertebrate conservation, with most effort given to species of plants or 
vertebrates.  This was reflected in the initial IUCN redbook criteria that were developed 
in order to assess the threatened status of a species.  The criteria were difficult to apply Chapter 1 - Introduction 
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to invertebrates and so few invertebrate species were listed.  The conservation of 
invertebrates has recently been receiving increased attention, resulting in a review of the 
IUCN listing criteria taking into account some of the difficulties of assessing 
invertebrates (IUCN 2000).  However, the majority of invertebrates still cannot be 
assessed confidently due to lack of knowledge of all or some of the following: 
taxonomy, historical and present distributions, habitat requirements, lifecycles and/or 
long term trends in population dynamics (Michaelis 1986). 
 
1.3  The south-west 
The south-west region is located within the largest state of Australia, Western Australia, 
and extends from the town of Geraldton in the north-west through to Esperance in the 
south-east (Figure 1.1).  The south-west is considered a discrete region, separated from 
other regions in Australia by differences in climate and associated drainage system 
patterns (Allen et al. 2002).  As a result, native floral and faunal assemblages unique to 
the south-west are present within the region (Morgan et al. 1998; Unmack 2001). 
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1.3.1  The biogeography of south-western Australia 
Much of Western Australia is comprised of a large ancient plateau, the Great Western 
Shield, which is believed to have formed part of the super-continent Gondwana for a  
large part of its geological history.  By the time Gondwana began to break up, around 
160 million years ago, chains of mountains that once occurred on the Great Western 
Shield had eroded away, leaving it relatively flat (White 1990; Pen 1999). 
 
The western edge of the Great Western Shield broke away, from what is today the 
Indian sub-continent, approximately 120 million years ago (Pen 1999).  In the south-
west, this left a visible fracture line, known as the Darling Scarp.  On the edge of the 
scarp, the landscape abruptly drops 200 to 300 metres to the Swan Coastal Plain.  This 
coastal plain is the remnants of a rift valley that existed between the two sub-continents 
as they split.  Initially the rift valley contained forest and swamps, accumulating 
sediments that were washed in from rivers draining the land on either side.  The sea 
gradually invaded the rift valley when the weight from the built up sediment pushed the 
underlying blocks of crust down, causing it to sink.  As a result of this activity, the 
Swan Coastal Plain contains sediments that are between 5 and 15 kilometres deep.  
Similarly, the southern edge of the Great Western Shield broke away from Antarctica 
around 45 million years ago (Pen 1999).  The southern coastal plain is known as the 
Bremer Basin and formed in a similar manner to the Swan Coastal Plain. 
 
The headwaters and upper sections of large rivers originating on the south-west corner 
of the Great Western Shield are very old, being remnants of those that were present over 
150 million years ago (Pen 1999).  New rivers formed on the Darling Range and coastal Chapter 1 - Introduction 
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plains as the south-west broke away from the Indian sub-continent and Antarctica.  
Some of these younger rivers cut deep valleys into the Darling Range and connected 
with older rivers on the plateau.  As a result of these processes, the south-west now 
contains short, relatively young coastal rivers (eg Margaret River), larger rivers with 
ancient headwaters originating in the plateau flowing towards younger downstream 
sections on the Darling Range and coastal plains (eg Swan-Avon River, Blackwood 
River), and large ancient river beds (palaeochannels) containing chains of salt lakes in 
the arid interior (eg Yilgarn Palaeochannel) (Beard 1999; Pen 1999). 
 
1.3.2 Climate 
After the split from Antarctica, the Great Western Shield slowly drifted northwards 
towards warmer latitudes, resulting in climate change throughout the south-west (White 
1990).  While temperatures increased, rainfall declined dramatically, particularly inland 
on the plateau. 
 
Today the south-west experiences a Mediterranean climate with hot, dry summers and 
cool, wet winters.  Rainfall is highest towards the coast with average annual rainfall 
ranging from 1400 to 800 mm.  This decreases rapidly inland with rainfall averaging 
between 600 to 350 mm annually (Figure 1.2).  Most rainfall occurs during May 
through to September, with 80% of stream flow occurring from June to October 
(Hodgkin & Hesp 1998).  Prolonged periods of dry weather are common during the rest 
of the year.  A reverse evaporation gradient occurs throughout the region, ranging from 
800 to 1200 mm average annual evaporation in coastal areas and increasing to over 
2000 mm towards the arid interior. 
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The south-west is considered to be climatically isolated from the rest of Australia by the 
arid conditions found inland, and to the north and east of the region.  These areas 
experience extreme temperatures and low average annual rainfall, with rainfall events 
occurring sporadically both in time and space. 
 
PERTH)
200mm
200mm
1200mm
600mm
1200mm
800mm
1000mm
1400mm
1200mm 1000mm
800mm
600mm
400mm
600mm
0 100
Kilometres
200
Figure 1.2 – Average annual rainfall isohyets for south-western Australia Chapter 1 - Introduction 
8 
1.3.3  Aquatic environments in south-western Australia 
Aquatic environments of south-western Australia have been classified as belonging to 
the south-west drainage division, separated from the ten other drainage divisions 
occurring in Australia based on aquatic habitat characteristics and the distributions of 
freshwater fauna (Bauer 1955; Morgan et al. 1998; Allen et al. 2002).  The south-west 
drainage division is believed to have been isolated from the rest of Australia by the arid 
interior for at least 15 million years (Trayler et al. 1996; Morgan et al. 1998).  It 
contains a great diversity of aquatic environments, both lentic and lotic.  Lentic 
environments on the coastal plains and in the low rainfall inland regions are often 
surface expressions of extensive groundwater systems that occur within the highly 
porous and permeable substrate.  In the extreme south-west and higher rainfall areas, 
many swamps and seasonal damplands occur as a result of poor drainage.  Rivers of the 
south-west are small in terms of both size and discharge when compared to those 
occurring elsewhere.  This is due to low rainfall and high evaporation rates experienced 
in the interior of the region (see Figure 1.3 for location and size of rivers occurring in 
the south-west).  Most large rivers of the region originate on the ancient, flat inland 
plateau in low rainfall areas and flow towards the younger, higher rainfall scarp and 
coastal plain regions.  As a result, rivers tend to have reverse longitudinal trends in 
physical and chemical properties, such as temperature, geology, rainfall, topography and 
salinity (Horwitz 1997).  Aquatic environments within the south-west are commonly 
temporary and/or seasonal in nature, and include such habitats as granite outcrop pools 
(Pinder et al. 2000) and acid peat flats (Pusey & Edward 1990).  Many streams and 
wetlands of the south-west are typically coloured due to the presence of large amounts 
of tannins in the water (Pusey & Edwards 1990).  In addition, inland waterways 
occurring in lower rainfall areas are often saline, especially in summer (Allen et al. 
2002). Chapter 1 - Introduction 
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Aquatic environments within the south-west, like those throughout the rest of Australia, 
have been extensively altered during the past 200 years as a result of human disturbance 
(Yen & Butcher 1997).  Many have been directly altered through such activities as dam 
construction, drainage and channel improvement (Lake 1980).  Indirectly, aquatic 
systems are affected by changes resulting from other human landuses including mining, 
agriculture, forestry and urban development (Lake 1980; Storey et al. 1991; Chessman 
et al. 2002).  Changes to the aquatic environment resulting from these activities include 
increased salinity and sedimentation, introduction of pollutants, eutrophication, reduced 
instream habitat and changes in flow regimes (Storey et al. 1990; McComb & Davis 
1993; Growns & Davis 1994; Hodgkin & Hesp 1998; Pen 1999). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hill
Greenough
Irwin
Blackwood
Margaret
Murray - Harvey
Swan - Canning
Moore
Collie
D
o
n
n
e
l
l
y
W
a
r
r
e n
G
a r
d n e r
S h a n n o n
F
r
a
n
k
l
i
n
 
-
 
D
e
e
p
K
e n t
D e n m a r
k
  -
  H a y
K a l
g a n
G
a i
r
d n e
r
P
a
l
l
i
n
u
p
B r e m e r
F
i
t z
g
e
r
a
l
d
H
a
m
e
r
s
l
e
y
P
h
i
l
l
i
p
s
J
e
r
d
a
c
u
t t u
p
O
l
d
f i
e
l
d
Y
o
u
n
g
 
-
 
L
o
r
t
0 100
D a l y u p
Kilometres
200
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1.3.4  Aquatic insects of the south-west 
Of all the orders of aquatic insects occurring in south-western Australia, the best known 
groups contain species that almost always have aquatic larvae – Odonata (dragonflies 
and damselflies), Plecoptera (stoneflies) and Trichoptera (caddisflies).  A fourth order 
containing only species with aquatic larvae, Ephemeroptera (mayflies), is currently 
being examined by a researcher with the Western Australian Department of 
Conservation and Land Management (CALM) (M. Scanlon, pers. comm.).  These 
groups all show reduced species richness in the south-west in comparison to other 
regions in Australia.  However, a high proportion of species are found only in the south-
west.  Fish communities and other aquatic insect groups in the south-west have also 
been found to contain low species richness and high endemicity (Edward 1986; Bunn & 
Davies 1990; Morgan et al. 1998; Unmack 2001).  Bunn and Davies (1990) suggested 
that a combination of the long-term isolation of the region, a history of lower rainfall 
and the low productivity of streams in the south-west is responsible for the low species 
richness and high regional endemism of the aquatic fauna.  Further, the relatively higher 
concentrations of salt present in many streams and inland waterbodies may also have 
contributed to the loss of salt sensitive species and a reduced species richness in the 
south west (Horwitz 1997). 
 
Little is known about the distributions or conservation status of aquatic insect species in 
the south-west of Western Australia.  Most aquatic insects have dispersive aerial adult 
stages and are not as likely to show highly restricted, localised distributions as other 
groups with low dispersal abilities, such as Crustacea and Mollusca (Horwitz 1997; 
Horwitz & Adams 2000).  The collection of distributional data for aquatic insects in the 
south-west has been patchy, usually based only on the collection records of adults.  This 
makes accurately defining the distribution of a species difficult given records only Chapter 1 - Introduction 
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indicate where a species has been found to be present.  However, it is the consistently 
recorded absence of the species from sites outside its known distribution, obtained 
through surveys, which provides evidence of its true distribution (Doeg 1999). 
 
Determining distributions and conservation status from previous records can also be 
hampered by lack of taxonomic knowledge (Faith & Norris 1989).  The taxonomy of 
many aquatic insect groups in the south-west is at best incomplete.  However, the 
taxonomy of both adult and larval stages of the Odonata and Plecoptera is well known, 
largely due to the work of Watson (1962) and Hynes & Bunn (1984), respectively.  The 
taxonomy of adult Trichoptera in the southwest is also relatively well known due to the 
efforts of Neboiss (1982), while the larvae of many species still need to be described 
and associated with their adults (St Clair 2002). 
 
The order Odonata in south-western Australia is represented by 39 species in 13 
families, 39% of which are endemic to the region (Watson 1962).  The broad habitat 
types of species of Odonata occurring in south-western Australia have been well 
documented by Watson (1962; 1963; 1968).  Species generally occur in one of four 
main habitat types.  These are permanent cool streams or rivers (8 species), bogs or 
swamps (3 species), permanent lakes or river pools (7 species), and a wide variety of 
waterbody types including temporary waters (15 species) (Watson 1962; 1963).  The 
lifecycles of species usually correspond to the type of habitat they occur in.  For 
example, larvae of species restricted to permanent streams, rivers or ponds require 
longer periods of time to develop (1 to 2 years) compared to species that can breed in 
temporary waters (2 to 6 months) (Watson 1963).  The distributions of Odonata in the 
south-west is expected to correlate closely with the distributions of the broad habitat 
type attributed to each species. Chapter 1 - Introduction 
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Only four species of Plecoptera from one family occur in the southwest, however all 
four are regionally endemic (Hynes & Bunn 1984).  Three of the species have been 
recorded from lotic freshwater habitats in the south-west, both permanent and 
intermittent.  One of these, Riekoperla occidentalis, is described as rare, having only 
been recorded from one catchment within the south-west (Michaelis & Yule 1988).  The 
fourth species, Dinotoperla sp., has only been recorded once from Mingenew in the 
north of the region.  However, all plecopteran records are based on a limited collection 
of specimens, and observations of the occurrence of species in the south-west are still 
considered preliminary (Hynes & Bunn 1984). 
 
Forty-three species of Trichoptera, from nine families, are known to occur in the 
southwest.  Many families and genera are represented by only one or two species, 
however 70% of species are found only in the southwest (Neboiss 1982).  The family 
Leptoceridae dominates with approximately half of all species occurring in the south-
west, a similar trend to that seen Australia wide (Mosely & Kimmins 1953).  The high 
diversity of Trichoptera in the south-west when compared to Odonata and Plecoptera 
may be partly due to their production and use of silk, which increases the availability of 
food and habitat (Mackay & Wiggins 1979).  For example, one species endemic to 
south-western Australia, Condocerus aptus, uses silk to attach to trailing vegetation in 
fast flowing water to collect food from the surface of the water (Lebel 1991).  Without 
the use of silk, C. aptus would not be able to maintain this position without being swept 
downstream and so neither the food resource or habitat would be accessible. 
 
Information on factors that affect the occurrence of aquatic insect species in south-
western Australia is limited.  However, family level analysis of aquatic 
macroinvertebrates has found that physical parameters, such as altitude and distance Chapter 1 - Introduction 
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from source, predicts community composition better than chemical variables at the 
regional scale, possibly due to the large inter-annual variation in water chemistry 
parameters observed during the study (Smith et al. 1999).  At the catchment scale, 
differences in macroinvertebrate community structure have been found between upland 
tributary sites and lowland sites for several rivers within the south-west.  Physical site 
characteristics, including distance from source, substrate type, flow and stream 
permanence, were again important in explaining community composition (Storey et al. 
1990; Bunn & Davies 1992; Growns & Davis 1994).  In addition, marked temporal 
changes, with distinctive summer and winter assemblages, have been found to be a 
common feature of macroinvertebrate communities occurring in the south-west, 
primarily due to the highly predictable and seasonal climate of the region (Bunn et al. 
1986; Edward 1986; Pusey & Edward 1990; Storey et al. 1990; Growns 1992). 
 
The occurrence of aquatic insects may also be affected to a large degree by human 
disturbance.  Although little is known about the response of individual species in the 
south-west, studies have shown impacts on macroinvertebrate communities from human 
activities include reduced abundance, decreased species richness and changes in 
community composition (Growns & Davis 1991; Storey et al. 1991; Growns & Davis 
1994; Trayler & Davis 1998).  Changes in community structure were observed as a 
result of construction of a dam on the Canning River near Perth (Storey et al. 1991).  
The community moved from one typical of upland sites, to that of a lowland river 
containing a greater proportion of collectors and shredders.  However this effect was 
reduced downstream due largely to an increase in discharge provided by a downstream 
tributary. 
 Chapter 1 - Introduction 
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Studies on the effects of timber harvesting activities on benthic and interstitial aquatic 
invertebrates in south-western Australia have also revealed shifts in community 
structure, as well as reduced species richness and abundance (Growns & Davis 1991; 
Growns & Davis 1994; Trayler & Davis 1998).  These changes corresponded with 
increases in suspended solids and conductivity within the streams and may indicate the 
presence of taxa sensitive to increases in these parameters (Growns & Davis 1991; 
Growns & Davis 1994).  The introduction of exotic fish is also considered to be 
deleterious to the survival of aquatic fauna (Michaelis 1986; Yen & Butcher 1997).  
Morgan et al. (2002) found that aquatic insect larvae, in particular Odonata and 
Trichoptera, made up a large proportion of the diet of introduced redfin perch (Perca 
fluviatilis) juveniles at Big Brook dam in south-western Australia.  The introduction of 
redfin perch at the dam was implicated in the elimination of native fish due to predation, 
however the effect on aquatic insect species was not observed.  Other activities which 
are believed to negatively affect aquatic fauna, but for which no comprehensive data 
exists for aquatic insect species occurring in south-western Australia, include 
groundwater extraction (Balla & Davis 1993; Sommer & Horwitz 2001), habitat 
destruction or modification (Morgan et al. 1998), and nutrient enrichment resulting 
from such activities as fertiliser use and sewage disposal (McComb & Davis 1993).  
Salinisation of aquatic systems, resulting from the clearing of native vegetation, is also 
believed to have a major impact on aquatic fauna of the south-west, particularly insects 
which are sensitive to increases in salt concentrations (Bunn & Davies 1992). 
 Chapter 1 - Introduction 
15 
1.4  Study objectives 
The general aims of this study were to obtain baseline distributional data for aquatic 
insects within south-western Australia and to make preliminary assessments as to the 
conservation status of species within the south-west.  The insect orders chosen for study 
were those in which the majority of species contained aquatic larval stages and for 
which the most taxonomic information was available.  This resulted in the selection of 
three orders: the Odonata (dragonflies and damselflies), Plecoptera (stoneflies) and 
Trichoptera (caddisflies). 
 
The specific objectives of this study were: 
 
1.  To determine the distributions of species of Odonata, Plecoptera and Trichoptera 
within south-western Australia. 
 
2.  To assess the conservation status of Odonata, Plecoptera and Trichoptera in 
south-western Australia. 
 
3.  To investigate the factors that influence the distributions of species within the 
south-west using logistic regression analysis. 
 
4.  To determine the conservation value and degree of protection afforded to lotic 
sites within the south-west based on compositions of Odonata, Plecoptera and 
Trichoptera. 
 
 Chapter 1 - Introduction 
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These objectives relate to the two most common approaches to species conservation; the 
reservation of habitat and the listing of threatened species.  For example, the protection 
of habitat through reservation requires an understanding of species occurrence and 
habitat requirements in both selecting optimal areas for reservation and for subsequent 
management.  Likewise, the listing of threatened species requires knowledge of 
distributions, rare or restricted status, and threats, to determine conservation status. Chapter 2 
Distribution of Odonata, Plecoptera and Trichoptera in  
south-western Australia 
 
2.1 Introduction 
The distributions of species of Odonata, Plecoptera and Trichoptera are generally well 
known in Australia at the large biogeographical scale, usually the state or drainage 
division level.  Knowledge of species that occur in the south-west drainage division is 
comprehensive.  Despite a good understanding of species known to occur in the region, 
and their Australian and world-wide distributions, little is known about the distributions 
of these species within the south-west.  Previous collections of aquatic insects in south-
western Australia have mostly been sporadic and patchy, with some localities 
thoroughly sampled, and others not at all.  This leads to problems when trying to infer 
distributions at the regional scale (Doeg 1999). 
 
A knowledge of the distribution of species in the south-west is fundamental to the 
development of a conservation strategy for aquatic insects within the region.  Coarse 
scale distribution maps do not provide enough information to adequately assess the 
conservation status of species (Samways 1994).  Details of which species are rare, 
restricted and/or threatened within the region will provide the information needed to 
determine conservation priorities.  In this sense, it is particularly important to determine 
the distributions of regionally endemic species, or those known only to occur in the 
south-west.  Detailed regional information on distributions would also provide baseline 
information which will enable future range declines, extentions, extinctions and 
introductions of species to be detected (Resh & Rosenberg 1984). 
 Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Historically, distributional data on aquatic insects have been construed largely from 
collections of the terrestrial adult stages.  A recent nationwide macroinvertebrate 
sampling program (Ausrivas) resulted in the collection of a large number of larval 
aquatic insect specimens from a wide range of sites throughout Australia.  Access to 
these samples has already contributed to the knowledge of taxonomy and distributions 
of aquatic insects (eg St Clair 2002).  Similarly, a comprehensive macroinvertebrate 
survey conducted in the wheatbelt of south-western Australia (as part of the Salinity 
Action Plan biological survey) has led to the identification of new species and the 
determination of distributions of aquatic organisms (eg Pinder et al. 2000).  The use of 
larval specimens has the disadvantage that often information on taxonomy is lacking 
and many recognised larval types remain to be associated with adult species.  However, 
the adults of aquatic insects are more likely to disperse and are usually more ephemeral 
(Hynes 1984; Sheldon 1984).  Larval specimens provide a more accurate picture of 
where species are breeding and spend the majority of their lifecycles. 
 
This chapter describes the distributions of the Odonata, Plecoptera and Trichoptera in 
south-western Australia based on the information obtained from larval specimens 
recently collected in the Ausrivas (Smith et al. 1999) and Salinity Action Plan (Anon 
1996) programs, and historical records of occurrences. 
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2.2 Methods 
Three main approaches were used to determine the distributions of the freshwater insect 
groups studied – the identification of specimens collected as part of a biomonitoring 
program known as the Australian Rivers Assessment Scheme (AusRivAS), the 
utilization of the Salinity Action Plan (SAP) database held by the Western Australian 
Department of Conservation and Land Management (CALM), and the collation of 
previous records of distribution.  The three different approaches, when considered 
separately, provided only limited information on species distributions within the south-
west due to the patchy and/or restricted location of sites sampled.  When combined, 
however, the three methods complemented each other and provided an extensive cover 
of the south-west region. 
 
A database (created in Access from the Microsoft Office 2000 package) was constructed 
to record the presence of species at each site along with associated site details.  The 
occurrence of a species at a particular site on any one occasion resulted in that species 
being recorded as present at that site.  Given this is a baseline study, temporal changes 
in occurrence or local site extinctions were not considered.  The latitudes and longitudes 
of each record of occurrence were then mapped using the computer software program 
Mapinfo Professional (Version 5.5) to create a distribution map for each species. 
 
Identification of specimens from previously collected macroinvertebrate samples 
A large number of macroinvertebrate samples were collected at sites throughout the 
south-west by the Western Australian Department of Conservation and Land 
Management (CALM) for the Australian Rivers Assessment Scheme (AusRivAS).  
Samples were collected from 400 sites (see Figure 2.1 for location of sites) between 
1994 and 1999, with some sites sampled once and others up to four times.  Sites were Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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generally located on rivers and streams within the >400mm annual rainfall region, with 
a range of pristine to severely disturbed sites being sampled during the survey.  A ten 
metre sweep net sample from each nominated habitat present was collected during 
sampling.  Nominated habitats were channel, macrophyte, organics and riffle, with 
channel the most common habitat present at sites.  Samples were then live picked in the 
field for a total of one hour.  Water quality and site characteristics were also recorded at 
time of sampling.  Samples were sorted and invertebrates identified to the family level 
in the laboratory by CALM. 
 
Species level identification of specimens of the Odonata, Plecoptera and Trichoptera 
from these samples was then undertaken for this study using the keys listed in Table 2.1.  
Most were identified to species, however several could only be identified to genus.  The 
larvae of many Trichopteran species are awaiting formal description and/or association 
with described adults.  However, the majority of these can be identified to 
morphospecies which can be identified (from identification guides) based on a reference 
collection held at the Museum of Victoria from which Australian Voucher species are 
recognised.  For example, Triplectides sp. AV21 was identified as number 21 in the 
Australian Voucher collection for the genus Triplectides.  Where the term species is 
written in the text, it may refer to both species and/or morphospecies. 
 
Utilization of existing database 
Concurrently with this, the Western Australian Department of Conservation and Land 
Management (CALM) was conducting a comprehensive study into the 
macroinvertebrate communities of wetlands in the arid (<400mm annual rainfall) 
interior wheatbelt area of the south-west as part of the Salinity Action Plan (SAP).  A 
total of 227 sites (see Figure 2.1 for location of sites) were sampled between 1997 and Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
21 
1999.  Macroinvertebrates were collected using a 250 µm mesh net to obtain a standard 
50 m sweep sample (Anon 1996).  Samples were later identified to the lowest 
taxonomic level possible, usually to species.  Access to the SAP database proved to be 
invaluable for determining the presence or absence of species from inland areas as little 
other information was available for the wheatbelt region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1 – Taxonomic keys utilised in identifying larval specimens from Ausrivas 
samples. 
Order Reference 
Odonata Watson  (1962) 
Watson (1967) 
Plecoptera  Hynes & Bunn (1984) 
Trichoptera  Dean & Bunn (1989) 
Cartwright (1997) 
St Clair (1997) 
Wells (1997) 
Dean (1999) 
Dean (2000) 
St Clair (2000) 
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Figure 2.1 – Location of Ausrivas and Salinity Action Plan (SAP) sites in south-
western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Previous records of distribution 
To determine the extent of information previously available on species distribution 
within the south-west, historical records of distribution for both adult and larval forms 
were collated.  Records were obtained from sources such as the Zoological Catalogue of 
Australia, species descriptions, published studies, identification guides, unpublished 
consultancy reports, PhD theses and the Western Australian Department of Agriculture 
insect collection database.  Records of the occurrence of odonate, plecopteran and 
trichopteran species were obtained for 113 sites within the south-west. 
 
2.3  Results 
An updated checklist and current taxonomic status of species of Odonata, Plecoptera 
and Trichoptera are given in Tables 2.2, 2.3 and 2.4 respectively.  Overall, the higher 
rainfall (>800 mm) region was found to be important in the distributions of a large 
proportion of species, in particular the regionally endemic species. 
 
Odonata 
Distributions maps for each of the odonate species encountered are given in Figures 2.2 
through to 2.36 and are arranged alphabetically by family.  The larvae of three species 
belonging to the Archiargiolestes pusillus complex could not be separated, however 
good species distribution maps based on adult records are given in Watson (1977).  In 
general, regionally endemic species were restricted to the coastal region from Perth to 
Albany experiencing greater than 800 mm annual average rainfall (eg Austroaeschna 
anacantha, Figure 2.25).  Several of these appeared to be further restricted to areas 
experiencing rainfall higher than 1000 mm (eg Armagomphus armiger and 
Lathrocordulia metallica, Figures 2.5 & 2.4, respectively).  In contrast, the distributions 
of the most widespread species were wide-ranging throughout the south-west and were Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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more likely to be in the drier areas of the interior and to the north of Perth.  A few 
species were recorded only from these low rainfall areas (eg Austrolestes aridus, Figure 
2.33).  Despite most displaying widespread distributions, many of these were very 
patchy (eg Aeshna brevistyla, Figure 2.2).  Hemicordulia tau was the most common and 
widely distributed odonate species encountered (Figure 2.9). 
 
Plecoptera 
Three of the four species of stonefly (Plecoptera) documented as occurring in the south-
west, were recorded from the Ausrivas samples.  These were: Leptoperla australica, 
Newmanoperla exigua and Riekoperla occidentalis.  Their distributions are shown in 
Figures 2.38 to 2.40, respectively.  Dinotoperla sp. was the only species that did not 
occur in the Ausrivas samples (Figure 2.37).  All four species were absent from the 
Salinity Action Plan samples. 
 
The distribution records of L. australica, N. exigua and R. occidentalis indicate that 
these species are mostly restricted to the greater than 800 mm high rainfall region 
extending from Perth to Albany.  Exceptions to this was one site in the Moore River 
catchment north of Perth where L. australica was recorded, and two sites located close 
to each other in the Hill River catchment, also north of Perth, where N. exigua was 
recorded.  All three species were found to be common throughout their range, however 
R. occidentalis was present at fewer sites than L. australica and N. exigua. 
 
Trichoptera 
Forty-four species of caddisfly (Trichoptera) occurred in Ausrivas and SAP samples 
collected from the south-west.  Three of these could only be identified to genus and so 
may comprise more than one species (Ecnomus sp., Oecetis sp. and Oxyethira sp.).  The Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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larvae of species of Triaenodes are also unable to be identified.  Only one species of 
Triaenodes (T. jubatus) is known to occur in the south-west and so larvae were 
associated by distribution for the purposes of this study.  The majority of the remaining 
species are endemic to the south-west with only seven species occurring outside the 
region. 
 
The distributions of individual species are given in Figures 2.41 to 2.114 and are 
ordered alphabetically by family.  Triplectides australis and Notalina spira were the 
only species that were uniformly widespread within the south-west (Figures 2.101 and 
2.82), with T. australis also being the most common.  Several other species extended 
into the lower rainfall areas to the north and/or east of the region (eg C. modica, Figure 
2.61).  Lectrides sp. AV1 was unusual in that it was only present in samples collected 
from rivers to the north of Perth and wetlands in the wheatbelt (Figure 2.74).  A 
previously unrecorded species, Leptorussa sp., was found from two sites along the Hill 
River, also to the north of Perth (Figure 2.76). 
 
Most species were restricted to the high rainfall (>800mm) region between Perth and 
Albany (eg C. aptus, Figure 2.72).  Several species appeared to be restricted to areas of 
higher annual rainfall of 1000mm or more (eg Leptoceridae Genus A sp. AV1, Figure 
2.75).  Eleven species were further restricted to smaller areas within the high rainfall 
region.  Those that were found only at sites near Pemberton were Triplectides sp. AV20, 
Plectrocnemia eximia, Notalina sp. AV13, Kosrheithrus boorarus and Ecnomina E sp. 
AV7 (Figures 2.104, 2.114, 2.83, 2.111 & 2.51, respectively).  Notalina sp. AV15, 
Hydrobiosella sp. AV16, Ecnomina E sp. AV4 and Ecnomina E sp. AV5 were found 
further north near Waroona (Figures 2.85, 2.109, 2.49 & 2.50, respectively).  The 
distribution of Maydenoptila baynesi extended south along the Darling Scarp from Perth Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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to Collie (Figure 2.68).  In contrast, Notalina sp. AV16 occured along the south coast 
from Bunbury to Denmark (Figure 2.86). 
Table 2.2 – Checklist and current taxonomic status of Odonata in south-western Australia. 
Sub-order Family  Species  Endemic to 
Aust 
Endemic to 
SW Aust  Current Taxonomic Status 
Epiproctophora Aeshnidae 
Aeshna (Adversaeschna) 
brevistyla 
No No  Well  known 
  Austrogynacantha heterogena  No No  Well  known 
 
Hemianax papuensis 
No No  Well  known 
Austrocorduliidae  Lathrocordulia metallica  Yes Yes  Well  known 
Gomphidae  Armagomphus armiger  Yes Yes  Well  known 
  Austrogomphus (Austrogomphus) collaris  Yes No  Well  known 
  Austrogomphus (Zephyrogomphus) lateralis  Yes Yes  Well  known 
Hemicorduliidae  Hemicordulia australiae  No No  Well  known 
  Hemicordulia tau  Yes No  Well  known 
  Procordulia affinis  Yes Yes  Well  known 
Libellulidae  Agrionoptera insignis allogenes  No No  Well  known 
  Austrothemis nigrescens  Yes No  Well  known 
  Crocothemis nigrifrons  No No  Well  known 
 
Diplacodes bipunctata 
No No  Well  known 
 
Diplacodes haematodes 
No No  Well  known 
  Nannophya occidentalis  Yes Yes  Well  known 
  Orthetrum caledonicum  No No  Well  known 
  Pantala flavescens  No No  Well  known 
  Rhodothemis lieftincki  Yes No  Well  known 
  Trapezostigma stenoloba  No No  Well  known 
  Zyxomma elgneri  No No  Well  known 
Oxygastridae  Hesperocordulia berthoudi  Yes Yes  Well  known 
Petaluridae  Petalura hesperia  Yes Yes  Well  known 
Synthemistidae  Archaeosynthemis leachii  Yes Yes  Well  known 
  Archaeosynthemis macrostigma occidentalis  Yes Yes  Well  known 
  Archaeosynthemis spiniger  Yes Yes  Well  known 
  Austrosynthemis cyanitincta  Yes Yes  Well  known 
Telephlebiidae  Austroaeschna anacantha  Yes Yes  Well  known 
Urothemistidae  Macrodiplax cora  No No  Well  known 
Source; 1 - Environment Australia (2002); 2 - Watson et al (1991); 3 - Watson (1977); 4 - Watson (1962); 5 - 
Lieftinck (1982); 6 - Watson (1976); 7 - Watson (1967); 8 - Watson & Moulds (1979); 9 - Watson (1967b); 10 - 
Watson (1958); 11 - Barrett & Williams (1998); 12 – Pers. Obs. (2002); 13 – New record from this study. Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Table 2.2 (cont.) 
Sub-order Family  Species  Endemic to 
Aust 
Endemic to 
SW Aust  Current Taxonomic Status 
Zygoptera Coenagrionidae Austroagrion cyane  Yes No  Well  known 
  Ischnura aurora aurora  No No  Well  known 
  Ischnura heterosticta heterosticta  No No  Well  known 
  Xanthagrion erythroneurum  Yes No  Well  known 
Lestidae  Austrolestes aleison  Yes Yes  Well  known 
  Austrolestes analis  Yes No  Well  known 
  Austrolestes annulosus  Yes No  Well  known 
  Austrolestes aridus  Yes No  Well  known 
  Austrolestes io  Yes No  Well  known 
Megapodagrionidae  Archiargiolestes parvulus  Yes  Yes  Larvae of genus unable to be distinguished 
  Archiargiolestes pusillissimus  Yes  Yes  Larvae of genus unable to be distinguished 
  Archiargiolestes pusillus  Yes  No  Larvae of genus unable to be distinguished 
  Miniargiolestes minimus  Yes No  Well  known 
Source; 1 - Environment Australia (2002); 2 - Watson et al (1991); 3 - Watson (1977); 4 - Watson (1962); 5 - 
Lieftinck (1982); 6 - Watson (1976); 7 - Watson (1967); 8 - Watson & Moulds (1979); 9 - Watson (1967b); 10 - 
Watson (1958); 11 - Barrett & Williams (1998); 12 – Pers. Obs. (2002); 13 – New record from this study. 
 
 
 
 
 
 
Table 2.3 – Checklist and current taxonomic status of Plecoptera in south-western Australia. 
Family Species  Endemic  to  Aust  Endemic to SW Aust  Current Taxonomic Status 
Gripopterygidae  Dinotoperla sp.  Yes  ?  Known only from a few badly damaged adult specimens 
Leptoperla australica  Yes Yes  Well  known 
Newmanoperla exigua  Yes Yes  Well  known 
Riekoperla occidentalis  Yes Yes  Well  known 
Source; 1 - Environment Australia (2002); 2 - Hynes & Bunn (1984). Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Table 2.4 – Checklist and current taxonomic status of Trichoptera in south-western Australia. 
Family Species  Endemic to 
Aust 
Endemic to 
SW Aust  Current Taxonomic Status 
triplectididae  Atriplectides dubius  Yes No  Well  known  1, 2
cnomidae  Ecnomina cohibilis  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina merga  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina mesembria  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina scindens  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina sentosa  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina trulla  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina viatica  Yes  Yes  Known from adult specimens only  1, 3
Ecnomina E sp. AV4  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina E sp. AV5  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina E sp. AV7  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina F sp. AV8  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina F sp. AV16  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina F sp. AV18  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomina F sp. AV20  Yes  Yes  Larvae not yet associated with adult  12 
Ecnomus pansus  Yes  No  Larvae of genus unable to be distinguished  1, 3, 
Ecnomus turgidus  Yes  No  Larvae of genus unable to be distinguished  1, 3, 
ydrobiosidae  Apsilochorema urdalum  Yes  Yes  Well known  1, 3, 
Taschorema pallescens  Yes  Yes  Well known  1, 3, 
ydropsychidae  Cheumatopsyche modica  Yes  No  Well known  1, 3, 
Smicrophylax australis  Yes  Yes  Well known  1, 3, 
ydroptilidae  Acritoptila globosa  Yes  Yes  Well known  1, 7
Acritoptila margaretae  Yes  Yes  Well known  1, 7
Hellyethira litua  Yes  Yes  Well known  1, 7
Hellyethira malleoforma  Yes  No  Well known  1, 7
Hydroptila losida  No  No  Well known  1, 7
Maydenoptila baynesi  Yes  Yes  Well known  1, 7
Oxyethira (Trichoglene) brevis  Yes  Yes  Larvae of genus unable to be distinguished  1, 3, 
Oxyethira (Trichoglene) retracta  Yes  Yes  Larvae of genus unable to be distinguished  1, 3, 
eptoceridae  Condocerus aptus  Yes  Yes  Well known  1, 3, 
Lectrides parilis  Yes  Yes  Well known  1, 3, 
Lectrides sp. AV1  Yes  Yes  Larvae not yet associated with adult  10 
Leptoceridae Genus A sp. AV1  Yes  Yes  Not yet described, known only from larval morphospecies  10 
Leptorussa sp.  Yes  Yes?  Unknown, possibly new species  14 
Notalina delicatula  Yes  Yes  Known from adult specimens only  1, 3
Notalina dwellinga  Yes  Yes  Known from adult specimens only  1, 3
Notalina flava  Yes  Yes  Known from adult specimens only  1, 3
Notalina fulva  Yes No  Well  known  1, 3
Source; 1 - Environment Australia (2002); 2 – Dean (2000b); 3 - Neboiss (1982); 4 - Wells (1997); 5 - St Clair 
(2002); 6 - Cartwright (1990); 7 - Wells (1985); 8 - Morse & Neboiss (1982); 9 - Dean & Bunn (1989); 10 - St Clair 
(2000); 11 - St Clair (1991); 12 - Cartwright (1997); 13 – St Clair (1994); 14 – New record from this study. Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Table 2.4 (cont.) 
Family Species  Endemic to 
Aust 
Endemic to 
SW Aust  Current Taxonomic Status 
Notalina pseudodelicata  Yes  Yes  Known from adult specimens only  1, 3
Notalina spira  Yes No  Well  known  10,  1
Notalina sp. AV13  Yes  Yes  Larvae not yet associated with adult  10 
Notalina sp. AV14  Yes  Yes  Larvae not yet associated with adult  10 
Notalina sp. AV15  Yes  Yes  Larvae not yet associated with adult  10 
Notalina sp. AV16  Yes  Yes  Larvae not yet associated with adult  10 
Notalina sp. AV24  Yes  Yes  Larvae not yet associated with adult  10 
Notoperata diversa  Yes  Yes  Known from adult specimens only  1, 3
Notoperata syncope  Yes  Yes  Known from adult specimens only  1, 3
Notoperata tenax  Yes  Yes  Well known  1, 3, 
Notoperata sp. AV1  Yes  Yes  Larvae not yet associated with adult  10 
Notoperata sp. AV4  Yes  Yes  Larvae not yet associated with adult  10 
Oecetis cymula  Yes  Yes  Known from adult specimens only  1, 3
Oecetis inscripta  Yes  No  Known from adult specimens only  1, 3
Oecetis laustra  Yes  No  Well known  1, 3, 
Oecetis pechana  Yes  No  Known from adult specimens only  1, 3
Oecetis walpolica  Yes  Yes  Known from adult specimens only  1, 3
Symphitoneuria wheeleri  Yes  No  Well known  1, 3, 
Triaenodes jubatus  Yes  Yes  Known from adult specimens only  1, 3
Triplectides australis  Yes  No  Well known  1, 3, 
Triplectides enthesis  Yes  Yes  Well known  1, 3, 
Triplectides niveipennis  Yes  Yes  Status as a polymorphic species or species complex unknown  1, 3, 
Triplectides sp. AV20 (niveipennis group)  Yes  Yes  Larval morphospecies of T. niveipennis or species complex  5 
Triplectides sp. AV21 (niveipennis group)  Yes  Yes  Larval morphospecies of T. niveipennis or species complex  5 
Westriplectes albanus  Yes  Yes  Known from adult specimens only  1, 3
hilopotamidae  Hydrobiosella amblyopia  Yes  Yes  Known from adult specimens only  1, 3
Hydrobiosella michaelseni  Yes  Yes  Well known  1, 3, 
Hydrobiosella sp. AV16  Yes  Yes  Larvae not yet associated with adult  12 
Hydrobiosella sp. AV17  Yes  Yes  Larvae not yet associated with adult  12 
hilorheithridae  Kosrheithrus boorarus  Yes  Yes  Known from adult specimens only  1, 3
ectrotarsidae  Plectrotarsus minor  Yes  Yes  Known from adult specimens only  1, 3
olycentropodidae  Adectophylax volutus  Yes  Yes  Larvae unknown  1, 3
Plectrocnemia eximia  Yes  Yes  Well known  1, 3
Source; 1 - Environment Australia (2002); 2 – Dean (2000b); 3 - Neboiss (1982); 4 - Wells (1997); 5 - St Clair 
(2002); 6 - Cartwright (1990); 7 - Wells (1985); 8 - Morse & Neboiss (1982); 9 - Dean & Bunn (1989); 10 - St Clair 
(2000); 11 - St Clair (1991); 12 - Cartwright (1997); 13 – St Clair (1994); 14 – New record from this study. 
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Figure 2.2 – Distribution of Aeshna brevistyla (Odonata; Epiproctophora; Aeshnidae) in south-western Australia 
Figure 2.3 – Distribution of Hemianax papuensis (Odonata; Epiproctophora; Aeshnidae) in south-western 
Australia 
PERTH)
0
Published record
LEGEND
Salinity Action Plan
4
Ausrivas )
!
Kilometres
100 200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
30 
 
 
Figure 2.4 – Distribution of Lathrocordulia metallica (Odonata; Epiproctophora; Austrocorduliidae) in south-
western Australia 
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Figure 2.5 – Distribution of Armagomphus armiger (Odonata; Epiproctophora; Gomphidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.6 – Distribution of Austrogomphus collaris (Odonata; Epiproctophora; Gomphidae) in south-western 
Australia
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Figure 2.7 – Distribution of Austrogomphus lateralis (Odonata; Epiproctophora; Gomphidae) in south-western 
Australia
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Figure 2.8 – Distribution of Hemicordulia australiae (Odonata; Epiproctophora; Hemicorduliidae) in south-western 
Australia
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Figure 2.9 – Distribution of Hemicordulia tau (Odonata; Epiproctophora; Hemicorduliidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.10 – Distribution of Procordulia affinis (Odonata; Epiproctophora; Hemicorduliidae) in south-western 
Australia 
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Figure 2.11 – Distribution of Agrionoptera insignis allogenes (Odonata; Epiproctophora; Libellulidae) in south-
western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.12 – Distribution of Austrothemis nigrescens (Odonata; Epiproctophora; Libellulidae) in south-western 
Australia
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Figure 2.13 – Distribution of Diplacodes bipunctata (Odonata; Epiproctophora; Libellulidae) in south-western 
Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
35 
PERTH)
0
Published record
LEGEND
Salinity Action Plan
4
Ausrivas )
!
Kilometres
100 200
Figure 2.14 – Distribution of Diplacodes haematodes (Odonata; Epiproctophora; Libellulidae) in south-western 
Australia
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Figure 2.15 – Distribution of Nannophya occidentalis (Odonata; Epiproctophora; Libellulidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.16 – Distribution of Orthetrum caledonicum (Odonata; Epiproctophora; Libellulidae) in south-western 
Australia
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Figure 2.17 – Distribution of Rhodothemis lieftincki (Odonata; Epiproctophora; Libellulidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.19 – Distribution of Hesperocordulia berthoudi (Odonata; Epiproctophora; Oxygastridae) in south-
western Australia 
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Figure 2.18 – Distribution of Zyxomma elgneri (Odonata; Epiproctophora; Libellulidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.20 – Distribution of Petalura hesperia (Odonata; Epiproctophora; Petaluridae) in south-western Australia 
Figure 2.21 – Distribution of Archaeosynthemis leachii (Odonata; Epiproctophora; Synthemistidae) in south-
western Australia 
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200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.22 – Distribution of Archaeosynthemis macrostigma occidentalis (Odonata; Epiproctophora; 
Synthemistidae) in south-western Australia
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Figure 2.23 – Distribution of Archaeosynthemis spiniger (Odonata; Epiproctophora; Synthemistidae) in south-
western Australia 
PERTH)
0
!
Published record
LEGEND
Salinity Action Plan
4
Ausrivas )
100
Kilometres
200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.24 – Distribution of Austrosynthemis cyanitincta (Odonata; Epiproctophora; Synthemistidae) in south-
western Australia 
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Figure 2.25 – Distribution of Austroaeschna anacantha (Odonata; Epiproctophora; Telephlebiidae) in south-
western Australia 
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Figure 2.26 – Distribution of Austroagrion cyane (Odonata; Zygoptera; Coenagrionidae) in south-western Australia
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Figure 2.27 – Distribution of Ischnura aurora aurora (Odonata; Zygoptera; Coenagrionidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.28 – Distribution of Ischnura heterostricta heterostricta (Odonata; Zygoptera; Coenagrionidae) in south-
western Australia 
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Figure 2.29 – Distribution of Xanthagrion erythroneurum (Odonata; Zygoptera; Coenagrionidae) in south-western 
AustraliaChapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.30 – Distribution of Austrolestes aleison (Odonata; Zygoptera; Lestidae) in south-western Australia 
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Figure 2.31 – Distribution of Austrolestes analis (Odonata; Zygoptera; Lestidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.32 – Distribution of Austrolestes annulosus (Odonata; Zygoptera; Lestidae) in south-western Australia 
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Figure 2.33 – Distribution of Austrolestes aridus (Odonata; Zygoptera; Lestidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.34 – Distribution of Austrolestes io (Odonata; Zygoptera; Lestidae) in south-western Australia 
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Figure 2.35 – Distribution of Archiargiolestes pusillus complex (Odonata; Zygoptera; Megapodagrionidae) in 
south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.36 – Distribution of Miniargiolestes minimus (Odonata; Zygoptera; Megapodagrionidae) in south-western 
Australia
Figure 2.38 – Distribution of Leptoperla australica (Plecoptera; Gripopterygidae) in south-western Australia 
PERTH)
0
!
Published record
LEGEND
Salinity Action Plan
4
Ausrivas )
100
Kilometres
200
PERTH)
0
!
Published record
LEGEND
Salinity Action Plan
4
Ausrivas )
100
Kilometres
200
Figure 2.37 – Distribution of Dinotoperla sp. (Plecoptera; Gripopterygidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.40 – Distribution of Riekoperla occidentalis (Plecoptera; Gripopterygidae) in south-western Australia 
Figure 2.39 – Distribution of Newmanoperla exigua (Plecoptera; Gripopterygidae) in south-western Australia 
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200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.41 – Distribution of Atriplectides dubious (Trichoptera; Atriplectididae) in south-western Australia 
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Figure 2.42 – Distribution of Ecnomina cohibilis (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.43 – Distribution of Ecnomina merga (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.44 – Distribution of Ecnomina mesembria (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.45 – Distribution of Ecnomina scindens (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.46 – Distribution of Ecnomina sentosa (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.47 – Distribution of Ecnomina trulla (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.48 – Distribution of Ecnomina viatica (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.49 – Distribution of Ecnomina E sp. AV4 (Trichoptera; Ecnomidae) in south-western Australia 
PERTH)
0
Salinity Action Plan
4
Ausrivas )
!
Published record
LEGEND
100
Kilometres
200
Figure 2.50 – Distribution of Ecnomina E sp. AV5 (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.51 – Distribution of Ecnomina E sp. AV7 (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.52 – Distribution of Ecnomina F sp. AV8 (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.53 – Distribution of Ecnomina F sp. AV16 (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.54 – Distribution of Ecnomina F sp. AV18 (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.55 – Distribution of Ecnomina F sp. AV20 (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.56 – Distribution of Ecnomus sp. (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.57 – Distribution of Ecnomus pansus (Trichoptera; Ecnomidae) in south-western Australia 
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Figure 2.58 – Distribution of Ecnomus turgidus (Trichoptera; Ecnomidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.59 – Distribution of Apsilochorema urdalum (Trichoptera; Hydrobiosidae) in south-western Australia 
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Figure 2.60 – Distribution of Taschorema pallescens (Trichoptera; Hydrobiosidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.61 – Distribution of Cheumatopsyche modica (Trichoptera; Hydropsychidae) in south-western Australia 
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Figure 2.62 – Distribution of Smicrophylax australis (Trichoptera; Hydropsychidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.63 – Distribution of Acritoptila globosa (Trichoptera; Hydroptilidae) in south-western Australia 
Figure 2.64 – Distribution of Acritoptila margaretae (Trichoptera; Hydroptilidae) in south-western Australia 
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200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.66 – Distribution of Hellyethira malleoforma (Trichoptera; Hydroptilidae) in south-western Australia 
Figure 2.65 – Distribution of Hellyethira litua (Trichoptera; Hydroptilidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.67 – Distribution of Hydroptila losida (Trichoptera; Hydroptilidae) in south-western Australia 
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Figure 2.68 – Distribution of Maydenoptila baynesi (Trichoptera; Hydroptilidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.69 – Distribution of Oxyethira sp. (Trichoptera; Hydroptilidae) in south-western Australia 
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Figure 2.70 – Distribution of Oxyethira brevis (Trichoptera; Hydroptilidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.71 – Distribution of Oxyethira retracta (Trichoptera; Hydroptilidae) in south-western Australia 
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Figure 2.72 – Distribution of Condocerus aptus (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.74 – Distribution of Lectrides sp. AV1 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.73 – Distribution of Lectrides parilis (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.75 – Distribution of Genus A sp. AV1 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.76 – Distribution of Leptorussa sp. (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.77 – Distribution of Notalina delicatula (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.78 – Distribution of Notalina dwellinga (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.79 – Distribution of Notalina flava (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.80 – Distribution of Notalina fulva (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.81 – Distribution of Notalina pseudodelicata (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.82 – Distribution of Notalina spira (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.83 – Distribution of Notalina sp. AV13 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.84 – Distribution of Notalina sp. AV14 (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.85 – Distribution of Notalina sp. AV15 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.86 – Distribution of Notalina sp. AV16 (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.87 – Distribution of Notalina sp. AV24 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.88 – Distribution of Notoperata diversa (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.89 – Distribution of Notoperata syncope (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.90 – Distribution of Notoperata tenax (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.91 – Distribution of Notoperata sp. AV1 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.92 – Distribution of Notoperata sp. AV4 (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.93 – Distribution of Oecetis sp. (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.94 – Distribution of Oecetis cymula (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.95 – Distribution of Oecetis inscripta (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.96 – Distribution of Oecetis laustra (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.97 – Distribution of Oecetis pechana (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.98 – Distribution of Oecetis walpolica (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.99 – Distribution of Symphitoneuria wheeleri (Trichoptera; Leptoceridae) in south-western Australia 
Figure 2.100 – Distribution of Triaenodes jubatus (Trichoptera; Leptoceridae) in south-western Australia 
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200Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.101 – Distribution of Triplectides australis (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.102 – Distribution of Triplectides enthesis (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.103 – Distribution of Triplectides niveipennis (Trichoptera; Leptoceridae) in south-western Australia 
PERTH)
0
Salinity Action Plan
4
Ausrivas )
!
Published record
LEGEND
100
Kilometres
200
Figure 2.104 – Distribution of Triplectides sp. AV20 (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.105 – Distribution of Triplectides sp. AV21 (Trichoptera; Leptoceridae) in south-western Australia 
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Figure 2.106 – Distribution of Westriplectes albanus (Trichoptera; Leptoceridae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.107 – Distribution of Hydrobiosella amblyopia (Trichoptera; Philopotamidae) in south-western Australia 
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Figure 2.108 – Distribution of Hydrobiosella michaelseni (Trichoptera; Philopotamidae) in south-western 
Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.109 – Distribution of Hydrobiosella sp. AV16 (Trichoptera; Philopotamidae) in south-western Australia 
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Figure 2.110 – Distribution of Hydrobiosella sp. AV17 (Trichoptera; Philopotamidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.111 – Distribution of Kosrheithrus boorarus (Trichoptera; Philorheithridae) in south-western Australia 
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Figure 2.112 – Distribution of Plectrotarsus minor (Trichoptera; Plectrotarsidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Figure 2.113 – Distribution of Adectophylax volutus (Trichoptera; Polycentropodidae) in south-western Australia 
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Figure 2.114 – Distribution of Plectrocnemia eximia (Trichoptera; Polycentropodidae) in south-western Australia Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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This study has resulted in a considerable expansion of the known distribution patterns of 
Odonata, Plecoptera and Trichoptera in south-western Australia.  The most significant 
trend detected was that the majority of regionally endemic species were restricted to the 
high rainfall (>800 mm) region in the extreme south-west.  This area is effectively an 
island surrounded by ocean and desert for species that rely on relatively substantial and 
reliable rainfall.  These barriers would have prevented the movement of many aquatic 
insects, allowing only the movement of species well adapted to arid conditions.  This is 
supported by the fact that most widespread species in the south-west occur throughout 
the low rainfall interior of the region. 
 
Odonata 
In general, the distributions of each species recorded in this study agreed with the 
distribution of the broad habitat attributed to it by Watson (1962).  All regionally 
endemic species were found to be restricted to the far south-west coastal region, 
corresponding to the areas receiving the greatest amount of rainfall.  These species are 
generally confined to fast flowing streams and rivers, or swamps and bogs.  Most 
widespread species, on the other hand, were found to occur throughout the entire south-
west, often with patchy distributions.  These species have broad ecological tolerances 
which allow them to breed in many different habitats including lakes and temporary 
ponds in low rainfall regions.  This ability has resulted in widespread distributions that 
extend throughout the arid interior of Australia.  Adaptations to low rainfall 
environments displayed by many widespread species include increased larval tolerance 
to high water temperatures and low dissolved oxygen, reduced larval developmental 
time, increased longevity of the adult and greater tendency to disperse (Watson 1963). 
 Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
84 
Several stream dwelling species, such as Lathrocordulia metallica, Hesperocordulia 
berthoudi and Armagomphus armiger, appeared to be restricted to the extreme highest 
rainfall regions of the south-west and were generally not encountered as often as other 
species.  Two species that breed exclusively in lentic waters (Nannophya occidentalis 
and Procordulia affinis) and were found to be restricted to the high rainfall region were 
also rarely encountered, however, this could be a result of undersampling of preferred 
larval habitat.  Although stream and inland lentic systems were comprehensively 
sampled in the recent surveys, boggy swamps and lentic systems in the high rainfall 
coastal region have not been systematically sampled and as such records of occurrence 
for these species are not complete.  Despite being absent from the Ausrivas and SAP 
surveys, the distribution of the other obligate bog breeding species of the high rainfall 
region, Petalura hesperia, is well known.  This species was the subject of a 
comprehensive survey which found it to be highly restricted to the region south of Perth 
(Barrett & Williams 1998). 
 
Despite being documented as occurring in south-western Australia, distribution maps 
could not be produced for four species (Austrogynacantha heterogena, Crocothemis 
nigrifrons, Pantala flavescens and Macrodiplax cora) as they were not recorded from 
either the Ausrivas or SAP surveys, and no previous records of occurrence in the south-
west could be located.  However, these species are extremely widespread, occurring 
throughout Australia and overseas.  They are of northern and tropical affinity and breed 
in a wide range of waterbody types, including temporary waters (Watson 1962).  It is 
likely that these species occur throughout the south-west, particularly to the north and 
inland areas of the region.  Likewise, several other widespread species of northern or 
tropical affinities that were recorded from only a few sites in south-western Australia 
(eg Zyxomma elgneri and Rhodothemis lieftincki) are also likely to occur throughout the Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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northern and inland areas of the region.  These species may be more common than 
results suggest given their ability to breed in temporary waters, a habitat likely to have 
been undersampled during the Ausrivas and SAP surveys.  Widespread species that 
were more frequently encountered during the study also tended to show very patchy 
northern and inland distributions.  This may be due to the large spatial and temporal 
variability in the presence of water, water quality and/or other environmental parameters 
of waterbodies found in arid regions (Williams 1996; Boulton & Brock 1999).  Pusey & 
Edward (1990) also found that widespread aquatic insect species had patchy 
distributions within the southern coastal region of the south-west.  This was attributed to 
the drought survival technique of relying on the recolonization of waterbodies by the 
terrestrial adult stage, rather than as drought resistant eggs. 
 
Plecoptera 
Stoneflies are typically associated with cooler temperatures and fast flowing streams 
(Hynes 1976).  It is not surprising, therefore, that the stonefly species found to occur in 
south-western Australia were restricted to the cooler, higher rainfall areas of the region.  
This habitat is limited in the south-west as a result of low rainfall in the interior regions 
and a Mediterranean climate associated with coastal areas that produces hot, dry 
summers annually.  This restricts the stonefly fauna to species with fast, univoltine 
lifecycles and may help to explain the relatively low species richness of stoneflies 
occurring in south-western Australia (Bunn & Davies 1990). 
 
The range of distribution of Riekoperla occidentalis was found to be considerably more 
extensive than previously thought.  Riekoperla occidentalis was formerly regarded as 
rare and restricted to the North Dandalup catchment in the Darling Scarp (Michaelis & 
Yule 1988).  However, it was frequently found in Ausrivas samples collected in the Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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high rainfall (>800 mm) region.  Despite this, R. occidentalis was less common than L. 
austalica and N. exigua; occurring at only 35 sites compared to 102 and 122 sites, 
respectively. 
 
The first and only observation for Dinotoperla sp. in Western Australia was based on a 
collection of three badly damaged adult specimens from Mingenew in 1963 (Hynes & 
Bunn 1984).  The specimens resemble a species from Victoria, D. bassae, whose 
nymphs are known to occur amongst vegetation in slow flowing streams and rivers, lake 
shores and temporary ponds (Hynes 1982).  It is possible that a stonefly species with 
similar larval habitat could occur in the low rainfall, northern wheatbelt region around 
Mingenew.  The fact that Dinotoperla larvae were not collected in the recent extensive 
surveys suggests that, if the species exists, it is particularly rare, perhaps now extinct, or 
that the larvae occupy an unusual habitat which has not been sampled.  However, it 
cannot be ruled out that the original label attached to the specimens was erroneous. 
 
Trichoptera 
The distribution patterns of most caddisfly species were similar to those of the Odonata 
and Plecoptera, with regionally endemic species largely coinciding with the higher 
rainfall areas of the region.  A greater proportion of trichopteran species showed further 
restriction within the high rainfall area, possibly because of their poor flight ability as 
adults and hence lower ability to disperse. 
 
The areas around Waroona and Pemberton were particularly important for a number of 
rare species that appeared to be restricted to areas receiving the highest rainfall within 
the region.  Because of their separation, these areas could be important for maintaining 
genetic diversity and possible evolutionary processes that may occur in the future. Chapter 2 – Distribution of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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In contrast, one regionally endemic morphospecies (Lectrides sp. AV1) was the first to 
be identified as occurring predominately in the low rainfall wheatbelt region of the 
south-west.  It has been collected previously from temporary waters, ie, locations that 
only hold water for several months of the year (St Clair 2000).  The only other species 
of this genus known to occur in south-western Australia, Lectrides parilis, is also 
regionally endemic but was found only in the high rainfall coastal region. 
 
Leptorussa sp., collected for the first time in Western Australia during the Ausrivas 
survey, is another caddisfly that is believed to occur predominately in temporary lentic 
systems in low rainfall regions.  This species was very rare in samples, being found at 
only two sites that were close together in the Hill River catchment, north of Perth.  A 
search of the region in July 2001 located only two further larval specimens from a 
previous collection site, Mullering Brook (Pers. Obs.).  Although the taxonomic status 
of this species is yet to be determined, it is believed to be a new species, and not L. 
darlingtoni that occurs in southern and south-eastern Australia (St Clair, pers comm.). 
 
In a comprehensive survey of adult caddisflies in south-western Australia, Neboiss 
(1981) found seven species of Ecnomina, all of which were endemic and restricted in 
distribution.  Although larvae in this genera have not been associated with adults, the 
identification of larval morphospecies in this study also showed a similar pattern of 
highly restricted distributions.  These distributions overlap, however, making it 
impossible to tentatively associate larvae with the adults using distributions alone. 
 Chapter 3 
Conservation status of Odonata, Plecoptera and Trichoptera in  
south-western Australia 
 
3.1 Introduction 
The conservation status of a species is an evaluation of its current and/or future risk of 
extinction.  These assessments are usually made in order to prioritise species threatened 
by extinction for conservation effort.  Many criteria are used to categorise threatened 
species, however the most comprehensive and established criteria are those developed 
by the International Union of Nature and Natural Resources (IUCN).  These criteria 
were developed with the main objective of identifying and documenting those species 
most in need of conservation attention if extinction rates are to be reduced (IUCN 
2000).  Species that meet the criteria qualify for inclusion on the IUCN Red List of 
Threatened Species.  This list is used by governments, conservation groups and 
scientists in guiding conservation efforts worldwide.  Other lists of threatened species 
exist at both the state and federal level in Australia and were created with the intention 
of prioritising species for conservation by attempting to protect those that are 
threatened.  Such threatened species lists relevant to south-western Australia are 
contained within the Australian Endangered Species Act 1992 (federal) and the Wildlife 
Conservation Act 1950 (state). 
 
IUCN Red List of Threatened Species 
In order to be listed as a threatened species on the IUCN red list, the conservation status 
of a species must first be evaluated using a series of quantitative criteria.  The criteria 
were originally developed to assess mammal and bird species and relied on a good 
understanding of historical distributions, trends in population numbers and/or Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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knowledge of biology, much of which is unknown for the vast majority of invertebrate 
species (Hutchings & Ponder 1999).  The criteria were revised in 1994 to address 
several limitations, one of which being previous problems with applying criteria to 
invertebrates.  The changes have resulted in invertebrates being able to be placed into 
IUCN threatened categories based on restriction in extent of occurrence and evidence of 
declining habitat quantity and/or quality (IUCN 2000). 
 
Under the IUCN criteria, species can be placed into one of eight categories ranging 
from Extinct through to Least Concern (IUCN 2000) (Figure 3.1).  The categories 
include three threatened categories (Critically Endangered, Endangered and 
Vulnerable), as well as three lower risk categories (Conservation Dependent, Near 
Threatened and Least Concern).  Species which have been evaluated but where 
inadequate data are available to determine conservation status are placed in the category 
Data Deficient.  Table 3.1 lists the IUCN categories and their definitions.  Of the 326 
species of Australian aquatic fauna currently listed on the IUCN redlist of threatened 
species, only eight are aquatic insects, none of which occurs in Western Australia 
(IUCN 2000).  These are Acanthaeshna victoria (Aeshnidae: Odonata – Vulnerable), 
Austrocordulia leonardi (Corduliidae: Odonata – Critically Endangered), Hemiphlebia 
mirabilis (Hemiphlebiidae: Odonata – Vulnerable), Petalura pulcherrima (Petaluridae: 
Odonata – Endangered), Eusthenia nothofagi (Eustheniidae: Plecoptera – Data 
Deficient), Leptoperla cacuminis (Gripopterygidae: Plecoptera – Vulnerable), 
Riekoperla darlingtoni (Gripopterygidae: Plecoptera – Vulnerable) and Tasmanophlebia 
lacus-coerulei (Siphlonuridae: Ephemeroptera – Vulnerable). Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Table 3.1 – The IUCN Red List for Threatened Species categories and their definitions (IUCN 2000). 
Category Definition 
Extinct (EX)  A taxon is Extinct when there is no reasonable doubt that the last individual 
has died. 
Extinct in the Wild (EW)  A taxon is Extinct in the Wild when it is known only to survive in cultivation, 
in captivity or as a naturalised population/s well outside the past range. 
Critically Endangered (CR)  A taxon is Critically Endangered when it is facing an extremely high risk of 
extinction in the wild in the immediate future. 
Endangered (EN)  A taxon is Endangered when it is not Critically Endangered but is facing a 
very high risk of extinction in the wild in the near future. 
Vulnerable (VU)  A taxon is Vulnerable when it is not Critically Endangered or Endangered but 
is facing a high risk of extinction in the wild in the medium-term future. 
Lower Risk (LR)  A taxon is Lower Risk when it has been evaluated, and does not satisfy the 
criteria for any of the categories Critically Endangered, Endangered or 
Vulnerable. 
Conservation Dependent (CD)  Taxa which are Lower Risk, and are the focus of a continuing taxon-specific 
or habitat-specific conservation program targeted towards the taxon in 
question, the cessation of which would result in the taxon qualifying for one 
of the threatened categories within a period of five years. 
Near Threatened (NT)  Taxa which are Lower Risk, do not qualify for Conservation Dependent, but 
which are close to qualifying for Vulnerable. 
Least Concerned (LC)  Taxa which are Lower Risk and do not qualify for Conservation Dependent 
or Near Threatened. 
Data Deficient (DD)  A taxon is Data Deficient when there is inadequate information to make a 
direct, or indirect, assessment of its risk of extinction based on its distribution 
and/or population status. 
Not Evaluated (NE)  A taxon is Not Evaluated when it has not yet been assessed against the 
criteria. 
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Figure 3.1 – Relationships between IUCN Red List for Threatened Species categories.  Adapted from IUCN 
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Australian Endangered Species Protection Act 1992 
The Federal Government endangered species legislation provides protection for listed 
species and communities in Commonwealth areas, including wilderness areas, and 
Australian territories and waters.  Species are nominated and listed using the IUCN red 
list for threatened species criteria, however inclusion on the IUCN red list does not 
automatically result in listing at the federal level and vice versa (Hutchings & Ponder 
1999).  As such, despite eight aquatic insect species occurring in Australia being listed 
at the IUCN international level, no aquatic insects are currently listed at the federal level 
(Environment Australia 2002). 
 
Western Australian Wildlife Conservation Act 1950 
The Wildlife Conservation Act is administered by the Department of Conservation and 
Land Management (CALM) and contains four schedules listing species of important 
conservation value (Hutchings & Ponder 1999; CALM 2002).  Schedule 1 lists ‘Fauna 
which is rare or likely to become extinct’.  At present, listing of species on the schedule 
is made by nomination based on three broad criteria which are assessed by the 
Threatened Species Scientific Committee (Mawson & Majer 1999).  The three criteria 
are: if the taxon is in imminent danger of, or threatened with, extinction; or dependent 
on, or restricted to, habitats that are vulnerable and/or subject to factors that may cause 
its decline; or very uncommon, even if widespread (CALM 2002).  However, criteria 
for listing in the future are likely to move towards those given in the IUCN red list for 
threatened species (CALM 2002).  Other schedules in the Act include listing of species 
presumed to be extinct (Schedule 2), those protected under international agreement such 
as migratory birds (Schedule 3), and other specially protected fauna of high commercial 
or collection value (Schedule 4)(CALM 2002).  No aquatic insects are currently listed 
under Western Australian legislation. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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In this chapter, the conservation status of Odonata, Plecoptera and Trichoptera in south-
western Australia is evaluated using the IUCN redlist for threatened species criteria.  
The results are discussed in relation to their implications to the conservation of aquatic 
insects in south-western Australia using the species approach. 
 
3.2 Methods 
Species of Odonata, Plecoptera and Trichoptera were assessed for conservation status 
using the IUCN criteria for listing of threatened species (IUCN 2000).  The criteria that 
could be used for assessment on the basis of the data available for south-western 
Australia are given in Table 3.2.  Continuing habitat decline was projected for all 
aquatic systems in the south-west, with the exception of those with a large portion of 
their catchments protected by conservation reserves (Chapter 5).  Species distributional 
data (Chapter 2) were used to obtain information on species rarity, extent of occurrence 
(range) and degree of reservation within the south-west.  The conservation status of 
species of the Archiargiolestes pusillus complex was determined using the distribution 
maps given in Watson (1977). 
 
Rarity 
The rarity of each species was assessed according to the number of sites from which it 
was recorded.  Species were considered rare if they were found to be present at no more 
than 10 locations within the south-west, qualifying them for consideration of threatened 
species listing according to the IUCN criteria.  Species that occurred at between 11 and 
20 sites were classified as being uncommon and were considered for the category of 
Near Threatened.  Common species were considered as such if they were found at more 
than 20 sites. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Extent of Occurrence 
Regionally endemic species were recorded as being highly restricted if their 
distributional range was less than 20 000 km
2 within the south-west, which is the range 
criteria adopted by IUCN to assess the listing of a species as vulnerable.  All other 
regionally endemic species were classified as restricted, while remaining species were 
regarded as widespread. 
 
Reservation 
Species that occurred at sites within catchments considered to be protected from human 
disturbance through reservation (see Chapter 5 for criteria and list of catchments) were 
classed as protected.  Those that were not found in these catchments were considered at 
risk from continued habitat decline. 
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Table 3.2: IUCN categories and criteria used to determine conservation status of Odonata, Plecoptera and 
Trichoptera in south-western Australia.  Adapted from IUCN (2000). 
Category Criteria 
Extinct (EX)  A taxon is extinct when there is no reasonable doubt that the 
last individual has died. 
Extinct in the Wild (EW) 
Known only to survive in cultivation, in captivity or as a 
naturalised population/s well outside past range.  A taxon is 
presumed extinct in the wild when exhaustive surveys in known 
and/or expected habitat, at appropriate times, throughout its 
historic range have failed to record an individual.  Surveys 
should be over a time frame appropriate to the taxon’s life cycle 
and life form. 
Critically Endangered (CR) 
Extent of occurrence estimated to be less than 100km
2 AND 
severely fragmented or known to exist at only a singe location 
AND continuing decline, observed, inferred or projected, in 
area, extent and/or quality of habitat (B1, B2c). 
Endangered (EN) 
Extent of occurrence estimated to be less than 5000km
2 AND 
severely fragmented or known to exist at no more than five 
locations AND continuing decline, observed, inferred or 
projected, in area, extent and/or quality of habitat (B1, B2c). 
Extent of occurrence estimated to be less than 20 000km
2 AND 
severely fragmented or known to exist at no more than ten 
locations AND continuing decline, observed, inferred or 
projected, in area, extent and/or quality of habitat (B1, B2c).  Vulnerable (VU) 
OR: Population is characterised by an acute restriction in its 
area of occupancy (typically less than 100km
2) or in the number 
of locations (typically less than five) (D2). 
Lower Risk: 
Conservation Dependent (CD) 
Taxa which are the focus of a continuing taxon-specific or 
habitat specific conservation program targeted towards the 
taxon in question,, the cessation of which would result in the 
taxon qualifying for one of the threatened categories above 
within a period of five years. 
Lower Risk: 
Near Threatened (NT) 
Taxa which do not qualify for Conservation Dependent, but 
which are close to qualifying for Vulnerable. 
Lower Risk: 
Least Concern (LC) 
Taxa which do not qualify for Conservation Dependent or Near 
Threatened. 
Data Deficient (DD) 
A taxon is Data Deficient when there is inadequate information 
to make a direct, or indirect, assessment of its risk of extinction 
based on its distribution and/or population status. 
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3.3  Results 
The rarity, extent of occurrence, reservation and conservation status categories assigned 
to species of Odonata, Plecoptera and Trichoptera are shown in Tables 3.3, 3.4 and 3.5 
respectively.  Four species of Odonata occurring in the south-west were found to be 
threatened.  Of these, two were classed as Vulnerable (Armagomphus armiger and 
Petalura hesperia), and two as Endangered (Nannophya occidentalis and 
Archaeosynthemis spiniger).  One species, Hesperocordulia berthoudi, was listed as 
Near Threatened.  The three common species of Plecoptera (Leptoperla australica, 
Newmanoperla exigua and Riekoperla occidentalis) were all placed in the category of 
Least Concern.  The fourth species recorded from the south-west was categorised as 
Data Deficient as there was inadequate information to assess its risk of extinction.  A 
total of 41 out of the 71 species of Trichoptera examined were found to be threatened.  
These included 12 classed as Vulnerable, 20 Endangered, and 9 Critically Endangered. 
 
Only 32 out of 115 aquatic insect species evaluated were considered to be protected 
within well reserved catchments, including 9 of the 40 odonates, 3 of the 4 plecopterans 
and 20 of the 71 trichopterans (Tables 3.3, 3.4 and 3.5, respectively). 
Table 3.3 – Conservation status of Odonata in south-western Australia. 
der  Family  Species  Rarity  Extent of Occurrence  Reservation 
hora Aeshnidae 
Aeshna (Adversaeschna) brevistyla 
Common Widespread 
- 
  Austrogynacantha heterogena  Rare Widespread - 
  Hemianax papuensis  Common Widespread  - 
Austrocorduliidae  Lathrocordulia metallica  Common Restricted  + 
Gomphidae  Armagomphus armiger  Rare Restricted - 
  Austrogomphus (Austrogomphus) collaris  Common Widespread  - 
  Austrogomphus (Zephyrogomphus) lateralis  Uncommon Restricted  - 
Hemicorduliidae  Hemicordulia australiae  Common Widespread  - 
  Hemicordulia tau  Common Widespread  + 
  Procordulia affinis  Uncommon Restricted  - 
Libellulidae  Agrionoptera insignis allogenes  Rare Widespread - 
  Austrothemis nigrescens  Uncommon Widespread  - 
  Crocothemis nigrifrons  Rare Widespread - 
 
Diplacodes bipunctata 
Common Widespread 
- 
 
Diplacodes haematodes 
Uncommon Widespread 
- 
  Nannophya occidentalis  Rare Restricted - 
  Orthetrum caledonicum  Common Widespread  - 
  Pantala flavescens  Rare Widespread - 
  Trapezostigma stenoloba  Rare Widespread - Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Oxygastridae  Hesperocordulia berthoudi  Uncommon Restricted  + 
Petaluridae  Petalura hesperia  Uncommon Highly  restricted  - 
Synthemistidae  Archaeosynthemis leachii  Uncommon Restricted  - 
  Archaeosynthemis macrostigma occidentalis  Common Restricted  + 
  Archaeosynthemis spiniger  Rare Highly  restricted - 
  Austrosynthemis cyanitincta  Common Restricted  + 
Telephlebiidae  Austroaeschna anacantha  Common Restricted  + 
Urothemistidae  Macrodiplax cora  Rare Widespread - 
Rare = present at ≤ 10 sites, Uncommon = present at between 11 and 20 sites, Common = present at > 20 sites; Highly restricted = 
range < 20 000km
2, Restricted = restricted to far south west corner, Widespread = not restricted to south-west; + = protected within 
reservation system, - = not protected. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Table 3.3 (cont.) 
der  Family  Species  Rarity  Extent of Occurrence  Reservation 
Coenagrionidae  Austroagrion cyane  Common Widespread  + 
  Ischnura aurora aurora  Common Widespread  - 
  Ischnura heterosticta heterosticta  Common Widespread  - 
  Xanthagrion erythroneurum  Common Widespread  - 
Lestidae  Austrolestes aleison  Common Restricted  - 
  Austrolestes analis  Common Widespread  - 
  Austrolestes annulosus  Common Widespread  + 
  Austrolestes aridus  Uncommon Widespread  - 
  Austrolestes io  Common Widespread  - 
Megapodagrionidae  Archiargiolestes parvulus  Common Restricted  - 
  Archiargiolestes pusillissimus  Common Restricted  - 
  Archiargiolestes pusillus  Common Widespread  - 
  Miniargiolestes minimus  Common Widespread  + 
Rare = present at ≤ 10 sites, Uncommon = present at between 11 and 20 sites, Common = present at > 20 sites; Highly restricted = 
range < 20 000km
2, High rainfall region = restricted to far south west corner, Widespread = not restricted to south-west; + = 
protected within reservation system, - = not protected. 
 
 
 
Table 3.4 – Conservation status of Plecoptera in south-western Australia. 
Family  Species  Rarity  Extent of Occurrence  Reservation  Conservation Status Ca
Gripopterygidae  Dinotoperla sp.  Rare?  Highly restricted?  -  Data Deficient
  Leptoperla australica  Common Restricted  +  Least  Concern
  Newmanoperla exigua  Common Restricted  +  Least  Concern
  Riekoperla occidentalis  Common Restricted  +  Least  Concern
Rare = present at ≤ 10 sites, Uncommon = present at between 11 and 20 sites, Common = present at > 20 sites; Highly 
restricted = range <  
20 000km
2, Restricted = restricted to far south west corner, Widespread = not restricted to south-west; + = protected 
within reservation system, - = not protected. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
102 
Table 3.5 – Conservation status of Trichoptera in south-western Australia. 
Family Species  Extent of 
Occurrence  Range Reservation  Conservation Status 
Category 
Atriplectididae  Atriplectides dubius  Rare Widespread  +  Least  Concern 
Ecnomidae  Ecnomina cohibilis  Rare  Highly restricted  -  Critically Endangered
  Ecnomina merga  Rare Highly  restricted  +  Vulnerable 
  Ecnomina mesembria  Rare Restricted - Endangered 
  Ecnomina scindens  Rare Restricted  + Vulnerable 
  Ecnomina sentosa  Rare Restricted - Vulnerable 
  Ecnomina trulla  Rare  Highly restricted  -  Critically Endangered
 
Ecnomina viatica 
Rare Restricted 
+ 
Vulnerable 
  Ecnomina E sp. AV4  Rare  Highly restricted  -  Critically Endangered
  Ecnomina E sp. AV5  Rare  Highly restricted  -  Vulnerable 
  Ecnomina E sp. AV7  Rare  Highly restricted  +  Vulnerable 
  Ecnomina F sp. AV8  Rare  Restricted  +  Least Concern 
  Ecnomina F sp. AV16  Rare  Restricted  -  Endangered 
  Ecnomina F sp. AV18  Rare  Restricted  -  Vulnerable 
  Ecnomina F sp. AV20  Rare  Highly restricted  -  Endangered 
  Ecnomus pansus  Uncommon Widespread  -  Least  Concern 
  Ecnomus turgidus  Uncommon Widespread  -  Least  Concern 
Hydrobiosidae  Apsilochorema urdalum  Common Restricted  -  Least  Concern 
  Taschorema pallescens  Common Restricted  + Least  Concern 
Hydropsychidae  Cheumatopsyche modica  Common Widespread  -  Least  Concern 
  Smicrophylax australis  Common Restricted  + Least  Concern 
Hydroptilidae  Acritoptila globosa  Common Restricted  -  Least  Concern 
  Acritoptila margaretae  Rare  Highly Restricted  -  Critically Endangered
  Hellyethira litua  Common Restricted  + Least  Concern 
  Hellyethira malleoforma  Rare Widespread -  Least  Concern 
  Hydroptila losida  Common Widespread  -  Least  Concern 
  Maydenoptila baynesi  Uncommon Restricted  -  Near  Threatened 
  Oxyethira (Trichoglene) brevis  Rare Highly  restricted -  Endangered 
  Oxyethira (Trichoglene) retracta  Rare Highly  restricted -  Endangered 
Leptoceridae  Condocerus aptus  Common Restricted  + Least  Concern 
  Lectrides parilis  Common Restricted  + Least  Concern 
  Lectrides sp. AV1  Rare  Restricted  -  Vulnerable 
  Leptoceridae Genus A sp. AV1  Uncommon Restricted  +  Least  Concern 
  Leptorussa sp.  Rare  Highly restricted  -  Critically Endangered
  Notalina delicatula  Rare Restricted - Vulnerable 
  Notalina dwellinga  Rare  Highly restricted  -  Critically Endangered
  Notalina flava  Rare Restricted - Endangered 
Rare = present at ≤ 10 sites, Uncommon = present at between 11 and 20 sites, Common = present at > 20 
sites; Highly restricted = range < 20 000km
2, Restricted = restricted to far south west corner, Widespread = 
not restricted to south-west; + = protected within reservation system, - = not protected. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
103 
Table 3.5 (cont.) 
Family Species  Extent of 
Occurrence  Range Reservation  Conservation Status 
Category 
Leptoceridae  Notalina fulva  Common Widespread  -  Least  Concern 
  Notalina pseudodelicata  Rare Restricted  + Vulnerable 
  Notalina spira  Common Widespread  -  Least  Concern 
  Notalina sp. AV13  Rare  Highly restricted  -  Critically Endangered
  Notalina sp. AV14  Common  Restricted  -  Least Concern 
  Notalina sp. AV15  Rare  Highly restricted  -  Endangered 
  Notalina sp. AV16  Uncommon  Restricted  +  Least Concern 
  Notalina sp. AV24  Rare  Highly restricted  -  Critically Endangered
  Notoperata diversa  Rare Highly  restricted -  Endangered 
  Notoperata syncope  Rare Highly  restricted -  Endangered 
  Notoperata tenax  Common Restricted  + Least  Concern 
  Notoperata sp. AV1  Rare  Restricted  -  Endangered 
  Notoperata sp. AV4  Rare  Restricted  -  Endangered 
  Oecetis cymula  Rare Restricted  + Vulnerable 
  Oecetis inscripta  Rare Widespread -  Endangered 
  Oecetis laustra  Uncommon Widespread  -  Least  Concern 
  Oecetis pechana  Common Widespread  -  Least  Concern 
  Oecetis walpolica  Uncommon Restricted  -  Least  Concern 
  Symphitoneuria wheeleri  Common Widespread  +  Least  Concern 
  Triaenodes jubatus  Common Restricted  -  Least  Concern 
  Triplectides australis  Common Widespread  -  Least  Concern 
  Triplectides enthesis  Common Restricted  + Least  Concern 
  Triplectides niveipennis  Rare Restricted - Endangered 
  Triplectides sp. AV20 (niveipennis group)  Rare  Highly restricted  +  Vulnerable 
  Triplectides sp. AV21 (niveipennis group)  Common  Restricted  +  Least Concern 
  Westriplectes albanus  Rare  Highly restricted  -  Critically Endangered
Philopotamidae  Hydrobiosella amblyopia  Rare Highly  restricted -  Endangered 
  Hydrobiosella michaelseni  Common Restricted  -  Least  Concern 
  Hydrobiosella sp. AV16  Rare  Highly restricted  -  Endangered 
  Hydrobiosella sp. AV17  Rare  Highly Restricted  -  Endangered 
Philorheithridae  Kosrheithrus boorarus  Rare Highly  Restricted -  Endangered 
Plectrotarsidae  Plectrotarsus minor  Rare Highly  Restricted -  Endangered 
Polycentropodidae  Adectophylax volutus  Rare Restricted - Endangered 
  Plectrocnemia eximia  Rare Restricted - Endangered 
Rare = present at ≤ 10 sites, Uncommon = present at between 11 and 20 sites, Common = present at > 20 
sites; Highly restricted = range < 20 000km
2, High rainfall region = restricted to far south west corner, 
Widespread = not restricted to south-west; + = protected within reservation system, - = not protected. 
3.4 Discussion 
This study has provided comprehensive and accurate data on the occurrence of aquatic 
insect species within south-western Australia for the first time, enabling a more accurate 
assessment of conservation status to be made than was previously possible.  However, 
as this is a baseline study, details of observed reductions over time in the number of 
populations or range of a species remain unknown for aquatic insects in the south-west.  
In addition, the number of individuals per population is also unknown and, given the 
fluctuating nature of invertebrate communities, is unlikely to be useful for determining 
the risk of extinction for aquatic insect species (Hutchings & Ponder 1999).  Based on 
currently accepted criteria for conservation status evaluation, assessment of a species 
risk of extinction can be based on the current known range of distribution (extent of 
occurrence) and/or numbers of known populations, along with an assessment of changes Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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in habitat quality and/or quantity (IUCN 2000).  Thus, rare and/or restricted species are 
considered at greater risk of extinction from habitat disturbance than more common and 
widespread species (Samways 1994). 
 
Odonata 
The majority of odonates were categorised as being of Least Concern.  Only four 
species were classified as threatened (Nannophya occidentalis, Petalura hesperia, 
Armagomphus armiger and Archaeosynthemis spiniger).  Of these, N. occidentalis may 
be more common than was determined by this study as a result of undersampling of its 
preferred high rainfall, swampy habitat (as discussed in Chapter 2). 
 
Petalura hesperia also occurs in swamps within the high rainfall region, however it has 
previously been the target of comprehensive surveys resulting in its distribution being 
better known (Barrett & Williams 1998; Davies 1998).  Since then, P. hesperia is 
believed to have disappeared from its only known location on the Swan coastal plain at 
Bull Creek.  Targeted surveys made over the adult emergence period in 2000-01, and 
again in 2001-02, did not reveal any individuals present at the site (Sutcliffe & Davis 
2001; Pers. Obs.).  Other declines in populations and loss of colonies has also been 
observed at other locations (Davies 1998).  Petalura hesperia was classified as 
Vulnerable and as such priority should be given to its protection within the south-west.  
Only four species of Petalura, all restricted to Australia, are known to exist (Davies 
1998).  Two of the other three species occurring in eastern Australia, P. pulcherrima 
and P. gigantea, are also considered threatened indicating the importance of directing 
conservation efforts towards species of this ancient genus (Davies 1998; Gunning 1999; 
IUCN 2000). 
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Both A. armiger and A. spiniger are considered to be stream dwelling species and were 
also found to be restricted to the high rainfall region.  With few records of occurrence, 
none of which are located within a protected catchment, these species are at present 
considered threatened and are classed as Vulnerable and Endangered respectively.  
Preference should be given to further research on these species, including more detailed 
and targeted surveys. 
 
The conservation status of species from the Archiargiolestes pusillus complex were 
found to be of Least Concern.  The distributions of the three species (A. pusillus, A. 
pusillissimus and A. parvulus) were not examined in this study as their larvae cannot be 
separated.  Watson (1977) provides detailed distribution maps of these species based on 
two comprehensive surveys of the adults conducted in 1957-58 and 1965-66, and these 
were used to assess conservation status in this study.  However, since the maps were 
published, it has been reported that the wetland locations from which A. parvulus was 
collected have dried out due to over-utilisation of both surface and groundwater sources 
in the region, raising the possibility that the species may have become extinct (Davies 
1998).  As such, it is vital that searches for adults of the species be conducted in the 
near future in order to clarify its current status. 
 
During the period of this study, Hawking (1999) published an evaluation of the 
conservation status of Australian Odonata which included species occurring in south-
western Australia.  While most classifications agreed with those obtained during this 
study, several species (Lathrocordulia metallica, Austrosynthemis cyanitincta and 
Miniargiolestes minimus) evaluated as threatened or Near Threatened by Hawking 
(1999) were classed as Least Concern in this study.  Larvae of these species were found 
in Ausrivas samples from numerous sites within the high rainfall region, showing these Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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species are more common than previously thought.  In addition, Hesperocordulia 
berthoudi was listed as Vulnerable in Hawking (1999) and, as a result of extra locations 
of occurrence and recorded presence in a protected catchment, has been classified as 
Near Threatened in this study. 
 
Plecoptera 
While three of the four species of Plecoptera were found to be common and of Least 
Concern, the fourth species (Dinotoperla sp.) was categorised as Data Deficient as only 
one record of occurrence has ever been collected for it.  The possibility that the record 
was erroneous was raised in Chapter 2.  Given the comprehensive sampling in the area 
it was previously collected from during the SAP survey, as well as a search conducted 
for it in the past (Hynes & Bunn 1984), it seems unlikely that future searches will locate 
the species.  In this scenario, it is impossible to determine if the species has recently 
become extinct, is Critically Endangered, or if the record of its occurrence is erroneous. 
 
Trichoptera 
In comparison to the Odonata and Plecoptera, over half of the Trichoptera of south-
western Australia were found to be threatened.  Species were more likely to be rare 
and/or restricted, and as such are more likely to be vulnerable to disturbance and at 
greater risk of extinction.  However, for many species, larval morphospecies have not 
yet been associated with the adult and so records collected from larval specimens could 
not be combined with adult records.  Had this been possible, fewer species may have 
been considered as rare and threatened.  Priority should be given to taxonomic studies 
of these species in order to better determine the extent of species occurrence and 
distributions.  In the meantime, the precautionary principle should be applied and the 
conservation status evaluation using only larval or adult records should be used. Chapter 3 – Conservation status of Odonata, Plecoptera and Trichoptera in s-w Aust. 
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Species considered most at risk of extinction are: Lectrides sp. AV1, Leptorussa sp., 
Westriplectides albanus, Kosrheithrus boorarus, Plectrotarsus minor, Adectophylax 
volutus and Plectrocnemia eximia.  These species were found to be very rare and 
research specifically targeting each species would assist in determining the best strategy 
for conservation. 
 
Overall, the level of protection provided to aquatic insects in the south-west was found 
to be low (28%).  Plecoptera had the highest proportion of protected species with three 
out of the four occurring within well reserved catchments.  The order containing the 
greatest proportion of rare and restricted species, Trichoptera, contained a much lower 
proportion of reserved species (28%), resulting in many species being classed as 
threatened.  While Odonata contained the lowest percentage of species protected by 
conservation reserves (23%), many of the species considered unprotected were 
widespread species.  A higher percentage (50%) of regionally endemic odonate species 
were found to be protected.  The low number of species protected by conservation 
reserves is attributed to the relatively few catchments considered well protected within 
the south-west (Chapter 5).  While a greater number of species may occur within 
smaller reserves of the south-west, these are vulnerable to disturbances occurring within 
the catchment of the reserved areas. 
  
Chapter 4 
Regression analysis of factors influencing the distributions of Odonata, 
Plecoptera and Trichoptera in south-western Australia 
 
4.1 Introduction 
Little is known about environmental factors which affect the distributions and 
community compositions of aquatic insects in the south-west.  Knowledge of which 
environmental factors affect species occurrence is important for understanding present 
distribution patterns.  In addition, knowledge of habitat requirements and of the 
environmental parameters which favour population growth and survival are important 
for developing successful conservation strategies (Udevitz et al. 1987; Claridge & Barry 
2000). 
 
Some information on the habitat preferences of aquatic insect species of the south-west 
has been published based on observations made at the time specimens have been 
collected.  Observations have often been based on only one or several sampling 
occasions and have usually focused on flow (lotic or lentic) and waterbody type.  Table 
4.1 provides a summary of the known habitat preferences of species occurring in south-
western Australia.  Approximately half of the species examined in this study had little 
or no recorded habitat information, with the least known about species of Trichoptera.  
Other research in the south-west has focused on examining environmental parameters in 
relation to the composition of stream macroinvertebrate communities at the family level 
and found that a large proportion of variability in community structure between sites 
can be explained by physical rather than chemical characteristics of sites, in particular – distance from source, stream permanence, annual discharge and stream depth (Storey et 
al. 1990; Smith et al. 1999). 
 
Logistic regression can be used to identify environmental parameters related to the 
distribution of a species, and to derive functions of these variables to predict the 
occurrence of species (Manel et al. 1999).  Individual logistic regressions of each 
environmental variable gives a good description of the optimal habitat for each species.  
Multiple regressions of all environmental variables simultaneously provides an 
indication of the relative importance of each variable (Peeters & Gardeniers 1998).  
Logistic regression has previously been used to identify the environmental factors 
influencing the occurrence of other freshwater invertebrates, including gammarid 
amphipods (Peeters & Gardeniers 1998), diatoms (Birks et al. 1990), mosquito larvae 
(Udevitz et al. 1987) and aquatic beetles (Eyre et al. 1992; 1993). 
 
One disadvantage of logistic regression is that it cannot be conducted on rare species 
occurring at low numbers of sites within a dataset (usually less than ten) as results are 
affected by lower positive prediction rates (Manel et al. 1999).  Greater predictive 
power is achieved with species found at a larger number of sites.  With greater 
predictive power, absences from sites which are predicted to contain the species are 
easier to detect and investigate.  As a consequence, this may make common species 
good biological indicators for decline in the group as a whole (Manel et al. 1999). 
 
 Table 4.1 – Summary of published aquatic larval habitat preferences for species of Odonata, Plecoptera and 
Trichoptera occurring in south-western Australia. 
Species Flow  Water 
Permenancy  Habitat types collected from  References 
Odonata        
Aeshna brevistyla  No preference  Permanent  Streams, rivers, lakes & ponds  4, 13 
Agrionoptera insignis allogenes  Lotic -  Streams  21 
Archaeosynthemis leachii  No preference  -  Streams, bogs & lakes  5 
Archaeosynthemis macro. occ.  No preference  Permanent  Rapid streams & boggy swamps  4 
Archaeosynthemis spiniger  Lotic  Permanent  Rapid streams  4 
Archiargiolestes pusillus complex  Lentic  No preference  River pools, lakes, ponds & bogs  4, 6 
Armagomphus armiger  No preference  Permanent  Rapid streams, lakes  4, 13, 19, 22 
Austroaeschna anacantha  No preference  Permanent  Rapid streams & slow rivers  3, 4, 13 
Austroagrion cyane  Lentic  No preference  River pools, lakes & ponds  4, 13 
Austrogomphus collaris  No preference  Permanent  Rapid streams, slow rivers, pools  4, 13, 19 
Austrogomphus lateralis  No preference  Permanent  Rapid streams, swamps, lakes  4, 13, 19, 22 
Austrogynacantha heterogena  Lentic  Permanent  Swamps, ponds, river pools & lagoons  21 
Austrolestes aleison  Lentic  No preference  River pools, lakes & ponds  4 
Austrolestes analis  Lentic  No preference  Lakes & ponds  4, 13 
Austrolestes annulosus  Lentic  No preference  River pools, lakes & ponds  4, 13 
Austrolestes aridus  Lentic  No preference  River pools, lakes & ponds  4 
Austrolestes io  Lentic  No preference  River pools, lakes & ponds  4 
Austrosynthemis cyanitincta  No preference  Permanent  Rapid streams, lakes  1, 4, 22 
Austrothemis nigrescens  Lentic  Permanent  Lakes & ponds  4 
Crocothemis nigrifrons  Lentic  No preference  Ponds, swamps & rivers  21 
Diplacodes bipunctata  Lentic  No preference  Slow rivers, pools, lakes & ponds  4, 13 
Diplacodes haematodes  No preference  No preference  Streams, rivers, lakes & ponds  3, 4 
Hemianax papuensis  No preference  No preference  Slow rivers, pools, lakes & ponds  2, 3, 4, 8 
Hemicordulia australiae  No preference  Permanent  Streams, rivers, lakes & ponds  4, 13 
Hemicordulia tau  Lentic  No preference  River pools, lakes & ponds  3, 4, 13 
Hesperocordulia berthoudi  No preference  Permanent  Rapid streams, lakes  4, 13, 22 
Ischnura aurora aurora  Lentic  No preference  River pools, lakes, ponds & bogs  4 
Ischnura heterosticta heterosticta  Lentic  Permanent  Slow rivers, pools, lakes & ponds  4 
Lathrocordulia metallica  No preference  Permanent  Rapid streams, lakes  4, 13, 22 
Macrodiplax cora  Lentic  No preference  Ponds, swamps & rivers  21 
Miniargiolestes minimus  No preference  Permanent  Streams, rivers & lakes  4, 6, 13 
Nannophya occidentalis  Lentic  -  Boggy swamps  4, 13 
Orthetrum caledonicum  No preference  No preference  Rivers, streams, lakes & bogs  3, 4, 13 
Pantala flavescens  Lentic  No preference  Ponds & swamps  21 
Petalura hesperia  Lentic  -  Boggy swamps  4 
Procordulia affinis  Lentic  Permanent  River pools, lakes & ponds  4, 13 
Trapezostigma stenoloba  Lentic  No preference  Ponds & river pools  21 
Xanthagrion erythroneurum  No preference  No preference  Rivers, pools, lakes & ponds  4, 13 
Zyxomma elgneri  No preference  Permanent  Ponds, swamps, streams & river pools  21 
Plecoptera        
Leptoperla australica  Lotic  No preference  Small forest streams & rivers  9, 13 
Newmanoperla exigua  No preference  No preference  Small forest/ lowland streams, pools  9, 13 
Riekoperla occidentalis  Lotic  Permanent  Forest streams  9 
Trichoptera        
Acritoptila globosa  No preference  -  Slow rivers, streams, lakes  7, 16, 22 
Acritoptila margaretae  Lotic  -  Slow rivers & streams  7, 16 
Adectophylax volutus  -  -  -  - 
Apsilochorema urdalum  Lotic  No preference  Small forest streams  10, 13 
Atriplectides dubius  No preference  -  Slow flowing streams, lakes  13, 17, 22 
Cheumatopsyche modica  Lotic -  Larger  rivers  10 
Condocerus aptus  Lotic  -  Rapid streams  12, 13, 18 
Ecnomina cohibilis  - -  -  - 
Ecnomina E sp. AV4  Lentic  -  -  14 
Ecnomina E sp. AV5  Lentic  -  -  14 
Ecnomina E sp. AV7  Lentic  -  -  14 
Ecnomina F sp. AV16  -  -  -  - 
Ecnomina F sp. AV18  -  -  -  - 
Ecnomina F sp. AV20  Lentic  -  -  14 
Ecnomina F sp. AV8  Lentic  -  -  14 
Ecnomina merga  - -  -  - 
Ecnomina mesembria  -  -  -  - 
Ecnomina scindens  - -  -  - 
References: 1 – Tillyard (1910); 2 – Tillyard (1916); 3 – Hodgkin & Watson (1958); 4 – Watson (1962); 5 – Watson 
(1967); 6 – Watson (1977); 7 – Wells (1985); 8 – Rowe (1987); 9 – Michaelis & Yule (1988); 10 – Dean & Bunn 
(1989); 11 – Pusey & Edwards (1990); 12 – Lebel (1991); 13 – Trayler et al. (1996); 14 – Cartwright (1997); 15 – 
Davis & Christidis (1997); 16 – Wells (1997); 17 – Dean (2000); 18 – St Clair (2000); 19 – Thieschinger (2000); 20 – 
St Clair (1991); 21 - Environment Australia (2002); 22 – Edwards et al. (1994). Table 4.1 (cont) 
Species Flow  Water 
Permenancy  Habitat types collected from  References 
Ecnomina sentosa  -  -  -  - 
Ecnomina trulla  - -  -  - 
Ecnomina viatica  -  -  -  - 
Ecnomus pansus  Lentic -  -  14 
Ecnomus turgidus  Lentic  -  -  14 
Hellyethira litua  No preference  -  Slow streams  7 
Hellyethira malleoforma  Lentic  -  Slow streams, lakes  7 
Hydrobiosella amblyopia  - -  -  - 
Hydrobiosella michaelseni  Lotic  -  Small rapid streams  10, 14 
Hydrobiosella sp. AV16  Lotic  -  Rapid streams  14 
Hydrobiosella sp. AV17  -  -  -  - 
Hydroptila losida  Lotic  -  Moderate to slow streams  7 
Kosrheithrus boorarus  Lotic  -  -  13 
Lectrides parilis  No preference  No preference  Lakes  13, 22 
Lectrides sp. AV1  Lentic  -  -  18 
Leptoceridae Genus A sp. AV1  -  -  -  - 
Leptorussa sp.  Lentic  Temporary  -  18 
Maydenoptila baynesi  Lotic  -  Rapid rivers & streams  7 
Notalina delicatula  -  -  -  - 
Notalina dwellinga  - -  -  - 
Notalina flava  -  -  -  - 
Notalina fulva  No preference  -  Lowland streams, dams & lakes  20 
Notalina pseudodelicata  -  -  -  - 
Notalina sp. AV13  -  -  -  - 
Notalina sp. AV14  -  -  -  - 
Notalina sp. AV15  -  -  -  - 
Notalina sp. AV16  -  -  -  - 
Notalina sp. AV24  -  -  -  - 
Notalina spira  Lentic  -  Slow streams, dams, lakes  15 
Notoperata diversa  - -  -  - 
Notoperata sp. AV1  -  -  -  - 
Notoperata sp. AV4  -  -  -  - 
Notoperata syncope  -  -  -  - 
Notoperata tenax  Lentic -  Lakes  13,  22 
Oecetis cymula  -  -  -  - 
Oecetis inscripta  - -  -  - 
Oecetis laustra  -  -  -  - 
Oecetis pechana  - -  -  - 
Oecetis walpolica  -  -  -  - 
Oxyethira brevis  - -  -  - 
Oxyethira retracta  Lotic  -  -  7 
Plectrocnemia eximia  Lentic -  -  13 
Plectrotarsus minor  -  -  -  - 
Smicrophylax australis  Lotic  Permanent  Small forest streams  10, 13 
Symphitoneuria wheeleri  Lentic  -  -  18 
Taschorema pallescens  Lotic  No preference  Small streams  10, 13 
Triaenodes jubatus  -  -  -  - 
Triplectides australis  No preference  -  Slow streams, lakes & swamps  13, 15 
Triplectides enthesis  -  -  -  - 
Triplectides sp. AV20  -  -  -  - 
Triplectides sp. AV21   -  -  -  - 
Westriplectes albanus  - -  -  - 
References: 1 – Tillyard (1910); 2 – Tillyard (1916); 3 – Hodgkin & Watson (1958); 4 – Watson (1962); 5 – Watson 
(1967); 6 – Watson (1977); 7 – Wells (1985); 8 – Rowe (1987); 9 – Michaelis & Yule (1988); 10 – Dean & Bunn 
(1989); 11 – Pusey & Edwards (1990); 12 – Lebel (1991); 13 – Trayler et al (1996); 14 – Cartwright (1997); 15 – 
Davis & Christidis (1997); 16 – Wells (1997); 17 – Dean (2000); 18 – St Clair (2000); 19 – Thieschinger (2000); 20 – 
St Clair (1991); 21 - Environment Australia (2002); 22 – Edwards et al. (1994). 
 This study examined environmental factors that influence the occurrence and 
distribution of common species of Odonata, Plecoptera and Trichoptera occurring in 
south-western Australia.  Occurrence records from Ausrivas sites, along with measured 
site environmental parameters were analysed using logistic regression and the results 
are reported in this chapter. 
 
4.2 Methods 
Occurrence (presence/absence) data for Plecoptera, Odonata and Trichoptera species 
were obtained for logistic regression analysis from the Australian Rivers Assessment 
Scheme (AusRivAS) dataset previously used for determining species distribution and 
conservation status (see Chapter 2).  Values for 18 environmental variables measured at 
each site during sampling were also obtained from this dataset and used in analyses.  In 
order to maintain independence of sites (not all sites were sampled in the same season/ 
year), it was necessary to divide the sites into two regions and analyse each species 
according to which region it most commonly occurred in.  The two regions consisted of 
low rainfall (<800 mm) wheatbelt sites sampled in winter/ spring 1997 (a total of 141 
sites), and higher rainfall (>800 mm) sites sampled in winter/ spring 1999 (a total of 171 
sites) (Figure 4.1).  Only species that were present at 10 or more sites within the region 
where it was most common (or both regions separately if equally common between 
regions) were analysed. 
 
The relationship between the presence/absence of each species and measured 
environmental variables was investigated by logistic regression analysis using the 
SPSS-PS software (NORUSIS 1992).  Environmental variables that were highly skewed  
were logarithmically transformed prior to analysis. 
 Separate analyses were conducted on each environmental variable x, resulting in an 
equation describing the relationship between this variable and the probability of 
occurrence, p(x): 
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The terms  0 β ,  1 β  and  2 β are regression coefficients.  This quadratic regression is also 
known as the Gaussian logit curve (JONGMAN et al. 1987) and results in a unique 
optimum value of the variable when  0 2 < β . One tailed t-tests were used to determine 
whether  2 β  was significantly less than zero.  When  2 β  equals zero there is a logistic 
increase ( 0 1 > β ) or decrease ( 0 1 < β ) in the probability of occurrence with an increase 
in the environmental variable.  When both  2 β  and  1 β  equal zero, there is no 
relationship between the variable and species occurrence. 
 
Optimum habitat values (o) were calculated for significant Gaussian curves using the 
equation: 
2
1
2β
β −
= o .  For positive logistic curves, the optimum habitat value was 
reported as the highest recorded value from sites within that particular region, whereas 
for negative logistic curves the optimum was reported as the lowest. 
 
Multiple backwards stepwise logistic regressions were used to determine which 
environmental variables best predicted the probability of occurrence of each species.  
All variables were included in the initial model, including the square of each variable 
found to have a significant Gaussian response curve.  A change in deviance test, with p 
= 0.05 level of significance, was used for removal of variables in the model.  The 
process of elimination of variables stopped when all remaining variables were 
significant.  As a final check, each omitted variable was added back into the final model one at a time to confirm that they were still insignificant.  In addition, correlation 
analysis between environmental variables was undertaken to determine which variables 
were highly correlated with those chosen for the models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Results 
A total of 24 species (3 Plecoptera, 9 Odonata, 12 Trichoptera) were analysed using 
logistic regression to examine habitat preferences.  Eighteen species were found to 
occur at 10 sites or more within the higher rainfall region sampled during winter/spring 
1999.  Eight species were found to be present at a minimum of 10 sites within the lower 
rainfall region during the 1997 winter/spring sampling period.  Two of the species, 
Orthetrum caledonicum and Notalina spira, were present in adequate numbers equally 
within both regions and so were analysed using both 1997 and 1999 datasets separately. 
Figure 4.1 - Location of Ausrivas sites used in logistic regression analysis 
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The range and means of environmental variables examined within the 1999 and 1997 
datasets are shown in Tables 4.1 and 4.2, respectively.  Sites sampled in 1999 were 
generally found to have greater annual rainfall and slope values, with lower alkalinity, 
nutrient concentration, conductivity, pH and turbidity values. 
 
Table 4.3 shows the type of model and optimum values for environmental variables 
analysed separately for each of the 18 species examined using the 1999 high rainfall 
dataset.  Of these, 14 species have response curves and optimum values which indicate a 
positive association with small headwater streams in high rainfall areas with low 
nutrient concentrations, alkalinities, conductivities and turbidities.  However, the 
preferred altitude within the region for these high rainfall species varies with five 
showing high altitude optimums of 320m(L. australica, A. cyanitincta, H. michaelseni, 
Notalina sp. AV14 and Triplectides sp. AV21), one species with a mid-altitude 
preference of 71m (N. exigua), one species with a low altitude optimum of 6m(Notalina 
sp. AV16) and seven species with no significant relationship to altitude (A. 
macrostigma occidentalis, A. anacantha, R. occidentalis, C. aptus, L. parilis, T. 
pallescens and T. enthesis).  The seven species that did not prefer high rainfall sites 
were found to have positive logistic relationships with discharge, distance from source, 
nutrient concentrations, conductivity, temperature and turbidity, while showing negative 
logistic relationships to altitude and slope.  Only one of these species, Notalina spira, 
appeared to be present at a greater number of low rainfall sites.  No significant 
relationships with rainfall were found for the remaining species. 
 
The type of model and optimum environmental values for each species examined using 
the 1997 low rainfall dataset is shown in Table 4.4.  In this analysis, N. spira was the only species found to have a positive logistic response to rainfall.  Hemianax papuensis 
and Symphoneuria wheeleri had negative associations with rainfall, whereas the 
optimum annual rainfall value for Austroagrion cyanae was mid range for the region at 
570mm.  The remaining species showed no significant relationship to site annual 
rainfall.  A very high optimum conductivity value (48,480 µS/cm) was found for S. 
wheeleri along with high optimum nutrient concentrations for T. australis.  Orthetrum 
caledonicum was the only species to have no significant relationships with any of the 
environmental variables analysed.  In general, species analysed from the 1997 dataset 
did not show as many significant relationships to the environmental data as those 
species analysed using the 1999 high rainfall dataset. 
 
The results of the multiple logistic regressions show that the importance of many of the 
variables in explaining occurrence varies considerably amongst the different species 
examined (Tables 4.5, 4.6 & 4.7).  Overall, rainfall was the most important variable, 
being present in 11 of the 23 models.  Nutrient concentrations and conductivity were 
also important for many species.  In addition, slope and maximum flow were prominent 
variables in the models of Odonata species (Table 4.5), while temperature was an 
additional recurrent variable in the Trichoptera models (Table 4.7).  As no significant 
relationships with any of the measured environmental parameters in the 1997 low 
rainfall dataset were detected for O. caledonicum, no multiple regression results are 
shown for this species in Table 4.5. 
 
  
Table 4.1 - Minimum, maximum, mean and standard deviation values for environmental variables 
measured at high rainfall sites (n = 198) during winter/spring 1999. 
Variable Min  Max  Mean  SD 
Alkalinity
 (mg/L CaCO3)  1 278  38 50 
Altitude (m)  6  320  113  81 
Ammonium  (mg/L)  0.01 0.37 0.04 0.04 
Annual Discharge category  2  6  4  1 
Annual Rainfall (mm)  450  1400  990  223 
Conductivity (µS/cm)  100 21900  1833 3325 
Distance from source (Km)  0.5  261  27.6  46.5 
Flow  category  1 4 3 1 
Maximum flow (cm/sec)  0  159.9  38.5  26 
Nitrate
 (mg/L) 0.01  1.21  0.14  0.2 
pH  4.22 8.88 6.63 0.93 
Slope
 (m/km) 0.25  99  7.0  11.0 
Soluble Reactive Phosphorus
 (mg/L)  0.01 0.77 0.03 0.09 
Temperature (
oC)  7.1 20.8  13.5 2.0 
Total Nitrogen
 (mg/L) 0.06  2.7  0.74  0.51 
Total Phosphorus
 (mg/L) 0.01  0.9  0.05  0.11 
Turbidity
 (NTU)  0 89 6 10 
Width
 (m) 1  200  10  19.5 
Flow category – 1 = permanent flow, 2 = semi-permanent flow, 3 = seasonal flow, 4 = episodic flow; 
Annual discharge category (million L / year) – 1 = 10 – 100, 2 = 100 – 1000, 3 = 1000 – 10 000, 4 = 10 
000 – 100 000, 5 = 100 000 – 1 000 000, 6 = 1 000 000 – 10 000 000. 
 
 
 
Table 4.2 - Minimum, maximum, mean and standard deviation values for environmental variables 
measured at low rainfall sites (n = 130) during winter/spring 1997. 
Variable Min  Max  Mean  SD 
Alkalinity
 (mg/L CaCO3) 3  490  137.5  88 
Altitude (m)  5  320  170  90 
Ammonium (mg/L)  0.01  21  0.32  2.17 
Annual Discharge category  1  5  3  1 
Annual Rainfall (mm)  275  750  494  84 
Conductivity (mS/cm)  74  192010  16890  20550 
Distance from source (Km)  1  200  43  40 
Flow category  1  3  3  0.4 
Maximum flow (cm/sec)  0  116  29  26 
Nitrate
 (mg/L)  0.01 0.92 0.08 0.15 
pH 4.6  12.9  7.91  0.87 
Slope
 (m/km) 0.5  20  3.7  3.2 
Soluble Reactive Phosphorus
 (mg/L) 0.01  4.0  0.08  0.46 
Temperature (
oC)  7.9 23.9  15.3 3.3 
Total Nitrogen
 (mg/L) 0.25  25  1.32  2.59 
Total Phosphorus
 (mg/L) 0.01  9.0  0.15  0.94 
Turbidity
 (NTU) 0.6  290  11  28 
Width
 (m) 0.8  40  5.1  6 
Flow category – 1 = permanent flow, 2 = semi-permanent flow, 3 = seasonal flow, 4 = episodic flow; 
Annual discharge category (million L / year) – 1 = 10 – 100, 2 = 100 – 1000, 3 = 1000 – 10 000, 4 = 10 
000 – 100 000, 5 = 100 000 – 1 000 000, 6 = 1 000 000 – 10 000 000. 
 
Table 4.3 – Type of model, significance and optimum values of environmental variables derived from logistic regression analysis of 
species presence using 1999 Ausrivas dataset. 
 
Species 
Al
k
† 
Al
t 
N
H3
† 
Di
s-
ch
ar
ge 
Ra
in-
fal
l 
Co
nd
† 
Di
st
† 
Fl
o
w 
ca
t 
M
ax 
flo
w 
N
O3
† 
p
H 
Sl
op
e
† 
S
R
P
† 
Te
m
p 
To
tal 
N
† 
To
tal 
P
† 
Tu
rb
† 
W
idt
h
† 
Odonata                    
Archaeosynthemi
s macro. occ.  ns ns ns ns +
L*  ns ns ns ns ns ns +
L*  ns ns ns ns ns ns (n = 14)  14
00 
99 
Austroaeshna 
anacantha 
(n = 23)  ns  ns  ns 
-
L* 
2 
+
L* 
14
00 
-
L* 
10
0 
-
L*
* 
0.
5 
ns  ns  ns 
G
* 
6.
4 
+
L*
* 
99 
ns  ns  ns  ns  ns 
-
L* 
1 
Austrogomphus 
collaris 
(n = 12)  ns 
-
L*
* 
6 
ns 
+
L*
* 
6 
ns ns 
+
L*
** 
26
1 
-
L*
** 
1 
+
L* 
15
9.
9 
+
L*
* 
1.
21 
ns 
-
L* 
0.
25 
ns ns 
+
L* 
2.
7 
ns 
+
L*
* 
89 
ns 
Austrosynthemis 
cyanitincta 
(n = 14) 
-
L* 
1 
+
L*
* 
32
0 
ns  ns 
+
L*
** 
14
00 
-
L*
* 
10
0 
ns 
G
* 
2 
ns  ns 
G
* 
6.
2 
+
L*
** 
99 
ns 
-
L* 
7.
1 
-
L*
** 
0.
06 
-
L* 
0.
01 
-
L*
* 
0 
-
L* 
1 
Orthetrum 
caledonicum 
(n = 11) 
G
* 
33
.8 
-
L* 
6 
ns ns ns 
G
* 
11
39 
ns ns ns 
+
L*
* 
1.
21 
ns ns ns 
+
L* 
20
.8 
+
L* 
2.
7 
ns 
+
L*
* 
89 
ns 
P l e c o p t e r a                     
Leptoperla 
australica 
(n = 65) 
G
**
* 
5.
5 
+
L* 
32
0 
-
L*
** 
0.
01 
-
L*
* 
1 
G
* 
12
40 
-
L*
** 
10
0 
G
* 
6.
2 
ns  ns 
-
L*
** 
0.
01 
G
** 
5.
7 
+
L* 
60 
-
L*
** 
0.
01 
-
L*
** 
7.
1 
G
**
* 
0.
2 
-
L*
** 
0.
01 
-
L*
** 
0 
-
L*
* 
1 
Newmanoperla 
exigua 
(n = 80) 
G
* 
1.
2 
G
* 
71 
G
* 
0.
09 
G
** 
4 
+
L*
** 
14
00 
G
** 
30
9 
G
* 
1.
6 
ns 
G
** 
61
.3 
ns 
-
L*
** 
4.
2 
+
L*
** 
60 
ns 
G
** 
13 
G
** 
0.
28 
ns ns 
G
* 
3.
4 
Riekoperla 
occidentalis 
(n = 26) 
-
L*
** 
1 
ns 
-
L*
** 
0.
01 
ns 
+
L*
** 
14
00 
G
* 
19
2 
-
L*
* 
2 
ns 
G
* 
50
.8 
-
L*
* 
0.
01 
-
L*
** 
4.
3 
G
* 
7 
ns 
G
** 
11
.9 
-
L*
** 
0.
06 
G
* 
0.
08 
-
L*
* 
1 
-
L* 
1 
Trichoptera                    
Cheumatopsyche 
modica 
(n = 12)  ns 
-
L* 
6 
ns  ns  ns  ns  ns  ns  ns 
+
L*
* 
1.
21 
ns  ns  ns  ns  ns  ns 
+
L* 
89 
ns 
Condocerus 
aptus 
(n = 39) 
-
L*
** 
1 
ns ns 
-
L* 
2 
+
L*
** 
14
00 
-
L*
* 
10
0 
-
L*
* 
0.
5 
ns ns ns 
-
L*
** 
4.
22 
+
L*
** 
99 
ns 
G
* 
11
.9 
-
L*
* 
0.
06 
-
L* 
0.
01 
ns 
-
L*
** 
1 
Hydrobiosella 
michaelseni 
(n = 10)  ns 
+
L* 
32
0 
-
L* 
0.
01 
ns  ns  ns  ns  ns  ns  ns  ns  ns  ns 
-
L*
** 
7.
1 
-
L*
* 
0.
06 
ns  ns 
-
L* 
1 
Lectrides parilis 
(n = 56)  -
L*
* 
1 
ns ns ns 
+
L*
** 
14
00 
-
L*
** 
10
0 
ns 
-
L* 
1 
ns ns 
-
L* 
4.
22 
+
L*
* 
99 
ns 
G
* 
13
.1 
-
L*
* 
0.
06 
ns 
-
L* 
0 
-
L*
* 
1 
Notalina sp. 
AV14 
(n = 13)  ns 
+
L* 
32
0 
ns 
-
L* 
2 
ns 
G
* 
93
0 
ns  ns  ns  ns 
G
* 
5.
7 
ns  ns  ns  ns  ns  ns 
-
L* 
1 
Notalina sp. 
AV16 
(n = 14) 
-
L*
* 
1 
-
L*
* 
6 
ns ns 
+
L* 
14
00 
ns ns 
-
L*
** 
1 
ns ns 
-
L*
* 
4.
22 
ns ns ns ns 
-
L* 
0.
01 
-
L* 
0 
ns 
Notalina spira 
(n = 12)  G
* 
64
.4 
G
** 
15
2 
ns 
+
L* 
6 
-
L* 
45
0 
G
* 
25
29 
+
L* 
26
1 
ns 
+
L* 
15
9.
9 
ns 
G
* 
7.
90 
ns  ns 
+
L* 
20
.8 
ns  ns  ns  ns 
Taschorema 
pallescens 
(n = 11)  ns  ns 
-
L* 
0.
01 
ns 
+
L*
* 
14
00 
ns ns 
-
L*
* 
1 
ns ns ns ns ns ns 
-
L* 
0.
06 
ns 
-
L* 
0 
ns 
Triplectides  - ns  ns  - + - - ns  ns  - - + ns  ns  - - - -enthesis 
(n = 21) 
L*
** 
1 
L*
* 
2 
L*
** 
14
00 
L*
** 
10
0 
L*
** 
0.
5 
L* 
0.
01 
L*
* 
4.
22 
L*
* 
99 
L*
* 
0.
06 
L* 
0.
01 
L* 
0 
L*
* 
1 
Triplectides sp. 
AV21 
(n = 63) 
G
** 
13
.2 
+
L* 
32
0 
-
L* 
0.
01 
ns 
G
** 
95
0 
G
* 
57
5 
G
* 
11
.3 
+
L*
* 
4 
-
L* 
0 
-
L* 
0.
01 
G
* 
6.
2 
G
* 
4.
6 
-
L* 
0.
01 
-
L*
** 
7.
1 
G
** 
0.
24 
-
L*
* 
0.
01 
-
L* 
0 
ns 
† Analyses for these variables were conducted after being LOG-transformed, optimum values are presented in original units as 
shown in Table 4.1. 
+L, positive logistic; -L, negative logistic; G, Gaussian; ns, not significant.  * p < 0.05, ** p < 0.01, *** p < 0.001. Table 4.4 – Type of model, significance and optimum values of environmental variables derived from logistic regression analysis of 
species presence using 1997 Ausrivas dataset. 
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† 
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† 
W
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h
† 
Odonata                    
Austroagrion 
cyanae 
(n = 14)  ns ns ns 
+L
** 
5 
G
* 
57
0 
ns 
+L
* 
20
0 
ns ns ns ns 
-
L*
* 
0.
5 
ns ns ns 
-
L* 
0.
01 
ns 
+
L*
* 
40 
Austrolestes 
annulosus 
(n = 19)  ns  ns  ns  ns  ns  ns  ns  ns 
-
L*
* 
0 
ns  ns  ns  ns  ns  ns  ns  ns  ns 
Hemianax 
papuensis 
(n = 10)  ns ns ns ns 
-
L* 
27
5 
ns ns ns ns ns ns ns ns ns ns ns ns ns 
Hemicordulia 
tau 
(n = 50)  ns  ns  ns  ns  ns 
G
* 
20
18 
ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns  ns 
Orthetrum 
caledonicum 
(n = 12) 
ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
Trichoptera                    
Notalina 
spira 
(n = 13)  ns  ns  ns  ns 
+L
* 
75
0 
ns  ns  ns 
+L
* 
11
6 
ns  ns 
-
L* 
0.
5 
ns 
-
L*
* 
7.
9 
ns  ns 
-
L* 
0.
6 
ns 
Symphoneuri
a wheeleri 
(n = 22)  ns 
-
L* 
5 
ns ns 
-
L* 
27
5 
G
* 
48
48
0 
ns ns ns ns ns ns ns 
G
** 
17
.5 
+L
* 
25 
ns 
G
* 
9 
ns 
Triplectides 
australis 
(n = 31) 
+L
* 
49
0 
ns  ns  ns  ns 
G
** 
33
19 
ns  ns  ns 
+L
**
* 
0.
92 
ns 
+L
* 
20 
ns  ns 
+L
** 
25
.0 
+L
* 
9.
0 
ns  ns 
† Analyses for these variables were conducted after being LOG-transformed, optimum values are presented in original units as 
shown in Table 4.2. 
+L, positive logistic; -L, negative logistic; G, Gaussian; ns, not significant.  * p < 0.05, ** p < 0.01, *** p < 0.00  
Table 4.5 - Regression coefficients (SE) of logistic regression models for predicting presence of Odonata. 
Variable  A. macro. occ.  A. anacantha  A. cyanae  A. collaris  A. annulosus  A. cyanitinct
Alkalinity
†  β1 
β2 
- - - - -  -3.76 (1.64)
ns 
Total P
†  β1 
β2 
- -  -1.60 (0.69) 
ns  - - - 
Total N
†  β1 
β2 
- - - - -  3.09 (1.4)
ns 
Altitude  β1 
β2 
-  -0.007 (0.003) 
ns  - - - - 
NH3
†  β1 
β2 
- - - - - - 
Cond.
 †  β1 
β2 
- - - - - - 
Rainfall
†  β1 
β2 
- - - - -  0.012 (0.005
ns 
Maximum 
Flow 
β1 
β2 
-  0.018 (0.009) 
ns  - -  -0.041 (0.014) 
ns  - 
Nitrate
†  β1 
β2 
- - -  1.08 (0.41) 
ns  - - 
SRP
†  β1 
β2 
-  -1.26 (0.57) 
ns  - - - - 
Dist. from 
source
† 
β1 
β2 
-  -0.81 (0.26) 
ns  - - -  2.74 (0.98)
ns 
Slope  β1 
β2 
0.62 (0.27) 
ns  - - - -  19.6 (7.9)
-3.27 (1.46)
Turbidity
†  β1 
β2 
- - -  0.92 (0.41) 
ns  -  -4.02 (1.61)
ns 
pH  β1 
β2 
- - - - -  125.9 (48.9)
-9.83 (3.81)
Flow 
category 
β1 
β2 
- - -  -1.90 (0.41) 
ns  - - 
Width
†  β1 
β2 
- -  0.99 (0.36) 
ns  - - - 
Intercept  β0  -3.6 (0.59)  -6.44 (2.95)  -11.01 (3.49)  1.84 (1.21)  -0.92 (0.32)  -434.0 (164.1
† LOG-transformed 
ns, not significant  
 
 
 
 
 
Table 4.6 -  Regression coefficients (SE) for logistic regression models for predicting 
presence of Plecoptera. 
Variable  L. australica  N. exigma  R. occidentalis 
Alkalinity
†  β1 
β2 
1.8 (0.6) 
-0.48 (0.14) 
- 
- 
- 
- 
Total 
Phosphorus
† 
β1 
β2 
-5.3 (2.3) 
-0.58 (0.27) 
- 
- 
- 
- 
Altitude  β1 
β2 
- 
- 
0.021 (0.009) 
-0.0001 (0.00006) 
- 
- 
Conductivity
† β1 
β2 
- 
- 
7.4 (3.1) 
-0.59 (0.23) 
- 
- 
Rainfall
†  β1 
β2 
- 
- 
0.0047 (0.0014) 
ns 
0.0066 (0.0016) 
ns 
Maximum 
Flow 
β1 
β2 
- 
- 
- 
- 
0.15 (0.06) 
-0.0017 (0.0007) 
Nitrate
†  β1 
β2 
- 
- 
- 
- 
-1.2 (?) 
ns 
Intercept  β0  -13.2 (5.0)  -28.1 (10.8)  -15.5 (2.7) 
† LOG-transformed 
ns, not significantTable 4.7 - Regression coefficients (SE) of logistic regression models for predicting presence of Trichoptera. 
Variable  C. modica  C. aptus  H. michaelseni  L. parilis  Notalina sp. 
AV14 
Notalina sp. 
AV16 
Alkalinity
†  β1 
β2 
- - - - - - 
Total P
†  β1 
β2 
-  -4.57 (2.05) 
-0.56 (0.23)  - -  -2.32 (1.11) 
ns 
-1.89 (0.64)
ns 
Total N
†  β1 
β2 
- - -  -0.56 (0.25) 
ns  - - 
Altitude  β1 
β2 
- - - -  0.03 (0.01) 
ns 
-0.03 (0.01)
ns 
NH3
†  β1 
β2 
- -  -2.55 (1.21) 
ns  - - - 
Cond.
 †  β1 
β2 
-  1.27 (0.45) 
ns  - -  24.48 (9.77) 
-1.79 (0.71)  - 
Discharge  β1 
β2 
- - - -  -3.59 (1.25) 
ns  - 
Rainfall
†  β1 
β2 
0.003 (0.002) 
ns 
0.006 (0.002) 
ns  -  0.004 (0.001) 
ns  - - 
Maximum 
Flow 
β1 
β2 
- - - - - - 
Nitrate
†  β1 
β2 
0.76 (0.26) 
ns 
0.75 (0.32) 
ns  - -  8.03 (2.49) 
1.29 (0.47)  - 
SRP
†  β1 
β2 
-  1.54 (0.77) 
ns  - - - - 
Dist. from 
source
† 
β1 
β2 
- - - -  2.58 (0.93) 
ns  - 
Slope  β1 
β2 
- - - - - - 
Temp  β1 
β2 
-  6.34 (2.56) 
-0.26 (0.10) 
-0.81 (0.24) 
ns 
3.77 (1.58) 
-0.13 (0.06)  - - 
Turbidity
†  β1 
β2 
- - - - - - 
pH  β1 
β2 
-  -1.04 (0.41) 
ns  - -  -2.15 (0.75) 
ns  - 
Flow 
category 
β1 
β2 
- - -  -0.53 (0.25) 
ns  -  -1.09 (0.37)
ns 
Width
†  β1 
β2 
-  -1.25 (0.33) 
ns  - 0.52  (0.20) -  - 
Intercept  β0  -4.71 (1.80)  -46.55 (16.89)  -2.51 (4.79)  -29.54 (10.83)  -71.40 (32.26)  -6.84 (2.81)
† LOG-transformed 
ns, not significant Chapter 4 – Regression analysis of factors influencing distributions 
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Table 4.7 (cont.) 
Variable  S. wheeleri  T. pallescens  T. australis  T. enthesis  T. sp. AV21 
Alkalinity
†  β1 
β2 
- -  2.07 (0.56) 
ns  -  4.70 (1.29) 
-0.80 (0.22) 
Total P
†  β1 
β2 
- - - -  -0.73 (0.25) 
ns 
Total N
†  β1 
β2 
3.22 (1.50) 
ns 
-2.34 (0.75) 
ns  - -  1.13 (0.38) 
ns 
Altitude  β1 
β2 
-0.32 (0.01) 
ns  - -  0.07 (0.02) 
-0.0002 (0.0001)  - 
NH3
†  β1 
β2 
- - - - - 
Cond.
 †  β1 
β2 
5.10 (1.50) 
ns 
25.09 (9.40) 
-1.75 (0.68) 
26.86 (8.91) 
-1.68 (0.53)  - - 
Rainfall
†  β1 
β2 
-  -0.05 (0.02) 
0.00003 (0.00001)  -  0.01  (0.003) 
ns  - 
Maximum 
Flow 
β1 
β2 
- - -  -0.09 (0.04) 
0.001 (0.0003)  - 
Nitrate
†  β1 
β2 
- - -  -1.01 (0.39) 
ns 
-0.61 (0.19) 
ns 
SRP
†  β1 
β2 
- - - - - 
Dist. from 
source
† 
β1 
β2 
- - -  -1.48 (0.53) 
ns  - 
Slope  β1 
β2 
- - - - - 
Temp.  β1 
β2 
- - - -  -0.35 (0.13) 
ns 
Turbidity
†  β1 
β2 
25.52 (9.42) 
-5.83 (2.07)  - - - - 
pH  β1 
β2 
- - - - - 
Flow 
category 
β1 
β2 
-  -1.33 (0.53) 
ns  - -  1.02 (0.32) 
ns 
Width
†  β1 
β2 
11.08 (3.79) 
-2.72 (1.01)  - - - - 
Intercept  β0  -81.52 (24.66)  -67.84 (28.65)  -115.56 (38.26)  -15.56 (3.71)  -8.87 (3.25) 
† LOG-transformed 
ns, not significant 
4.4 Discussion 
Logistic regression results generally agree with and complement the distributions 
obtained for each species (see Chapter 2).  For example, the results for Notalina sp. 
AV16 (high rainfall, low altitude, low pH, turbidity and nutrients) strongly concurs with 
its south coast distribution.  Symphoneuria wheeleri showed a preference for sites with 
high conductivities which corresponds with both its distribution and previously 
published habitat preferences (St Clair 2000).  A negative logistic response to maximum 
flow obtained for Austrolestes annulosus agrees with the observation that this species 
occurs primarily in lentic waters (Trayler et al. 1996). 
 
Not surprisingly, the probability of occurrence for species with distributions that are 
restricted to the high rainfall region increased with higher rainfall.  Probability also Chapter 4 – Regression analysis of factors influencing distributions 
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increased with decreasing distance from source, stream width, alkalinity, conductivity, 
pH, ammonium and total nitrogen concentrations.  These conditions tend to be 
indicative of streams in the upper reaches of a catchment and generally support the type 
of habitat from which the species concerned have been recorded.  While increasing 
altitude and slope were also associated with the increasing occurrence of most high 
rainfall species, several species (Newmanoperla exigua, Riekoperla occidentalis, 
Notalina sp. AV16, Taschorema pallescens, Triplectides sp. AV21) showed no 
response or negative logistic responses to these parameters.  This suggests that these 
species, whilst showing a preference for small headwater streams, may not be restricted 
to steep upland streams within the south-west.  This seems reasonable given the 
relatively low topographical relief within the region, particularly along the south coast. 
 
Low rainfall species do not show as many significant relationships to measured 
environmental variables as high rainfall species.  Dispersal and/ or competitive factors 
may be more important in determining distribution.  For example, spatial and temporal 
differences in the presence of water at low rainfall sites may influence the dispersal 
patterns of species.  Alternatively, differences in types of within stream habitat (eg 
presence of macrophytes, woody debris, rocks etc) may have a greater effect on the 
presence or absence of species within the wheatbelt region.  This explanation agrees 
with the patchy distribution patterns obtained for most widespread species occurring in 
the wheatbelt region (Chapter 2). 
 
Many of the species found commonly in the wheatbelt show no significant relationships 
to nutrient concentrations, while one species, Triplectides australis, appears to favour 
high nutrient concentrations.  This species has previously been associated with 
eutrophic conditions in lentic habitats within the south-west (Balla & Davis 1993; Chapter 4 – Regression analysis of factors influencing distributions 
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Edward et al. 1994).  Many other species commonly occurring in the wheatbelt have 
wide ecological tolerances and show adaptations to low rainfall and poor water quality 
conditions, such as high water temperatures and low oxygen concentrations (Watson 
1963).  It may be that these characteristics allow such species to survive in eutrophic 
conditions.  It is also possible that species less tolerant of high nutrient concentrations 
may have been present in the wheatbelt before the extensive clearing and agricultural 
practices of the region occurred, and can no longer survive there. 
 
Notalina spira was found to have a positive logistic response to annual rainfall in the 97 
wheatbelt dataset, yet negative logistic response to rainfall in the 99 coastal dataset.  
This suggests that the species has a Gaussian response curve to rainfall over the two 
regions and probably has an optimum in south-western Australia of between 450 and 
750mm.  This corresponds well with its widespread distribution within the region. 
 
The variables chosen for the multiple logistic regression models differ greatly between 
species and may indicate different responses to varying environmental conditions.  
Despite this, rainfall was the most common variable chosen for the models, which 
supports results obtained from the distribution analysis which show many species 
restricted to areas of higher or lower rainfall (Chapter 2).  The presence of nutrient 
concentrations and conductivity in many of the regression models does not agree with 
previous research that found physical site attributes, rather than water chemistry 
variables, were the best predictors of macroinvertebrate community composition (Storey 
et al. 1990; Smith et al. 1999).  This perhaps can be attributed to the higher level of 
taxonomic resolution, the focus on three insect orders rather than the entire 
macroinvertebrate community, and/or the one year time scale in which the sampling 
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only one year resulted in seven physical and two chemical variables (pH and alkalinity) 
being chosen.  However, variation in water chemistry between years did not coincide 
with changes in macroinvertebrate communities and therefore the chemical variables 
were omitted from final models. 
 
The presence of nutrients and conductivity in models resulting from multiple logistic 
regression analysis is of interest as these variables are known to be affected by human 
activities in south-western Australia (Kay et al. 2001).  The presence of a direct link 
between these variables and species occurrence should be examined in future research 
as this could have important implications for aquatic insect conservation and their use as 
indicators of human disturbance. 
  
 
Chapter 5 
Conservation value and reservation status of lotic sites in  
south-western Australia 
 
5.1 Introduction 
Reservation can be one of the most effective and cost efficient methods for protecting 
species, particularly if reserves are chosen based on an assessment of their contribution 
to conservation.  There are four criteria widely accepted in assessing the conservation 
value of sites based on species composition.  These are - species richness, presence of 
rare, restricted or threatened species, representativeness of community, and presence of 
species of biogeographic or phylogenetic significance (Dunn 2001).  Criteria such as 
these have been shown to result in biased site conservation value assessments when 
used separately (Awad et al. 2002).  However, when combined these criteria take into 
account a broad range of conservation values and can assist in determining priorities for 
conservation. 
 
Species richness (the number of species in a defined area) is a popular criterion used for 
assessment as the conservation of as many species as possible is often the aim of the 
reserve creation process (New 2000).  The greater the species richness, the greater the 
efficiency and cost effectiveness of protecting species using the reserve approach.  
Similarly, the conservation of rare and restricted species is often considered of 
particular importance as they are usually most under threat of extinction and in need of 
protection (Samways 1994).  Reservation can protect the habitat of rare and restricted 
species and so the number of such species is included as a criterion in assessment. 
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The use of a criterion based on community representativeness provides for the 
consideration of unique compositions of species that are worthy of prioritising for 
conservation, yet might otherwise not be considered due to low species richness or 
absence of rare species (Dunn 2001).  Representativeness can be determined using 
ordination analysis to reveal patterns in community composition within a region (Faith 
& Norris 1989).  The fourth criterion, the presence of biogeographically or 
phylogenetically significant species, identifies that higher conservation priority should 
also be given to species that have unusual morphological features, or are taxonomically 
significant.  Taxonomically significant species include those from ancient or distinct 
lineages and requires a knowledge of evolutionary lines (Samways 1994).  In Australia, 
taxonomically significant species include those considered to be characteristic of the 
great southern ancient landmass of Gondwana (Dunn 2001).  Gondwanan species 
attributes include primitive features, strong southern affinities, endemism to Australia 
and fossil records dating back to the Gondwanan time period (Yen & Butcher 1997). 
 
These four criteria can be applied to sites within the south-west to determine the 
conservation value of aquatic sites based on species composition of Odonata, Plecoptera 
and Trichoptera.  This is only one aspect of stream conservation, however, others 
include the presence of high species richness or rarity in other groups of organisms (eg 
plant, macroinvertebrate, fish, mammal, etc), habitat diversity and/or quality, water 
quality, naturalness, uniqueness or representativeness of other groups of species or 
ecological communities as a whole, or other important/ significant ecological processes 
(Samways 1994; Dunn 2001). 
 
Aquatic fauna and their habitats occur in one of the most threatened ecosystems, largely 
due to altered catchment landuses, changed flow regimes, and introduction of non-Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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native species (Ricciardi & Rasmussen 1999; Saunders et al 2001).  Protection of these 
systems requires the reservation of whole or the majority of undisturbed catchments and 
appropriate management due to the strong influence of upstream or within catchment 
disturbances.  This is difficult to achieve given the rarity of intact natural catchments 
with few conflicting landuse pressures (Yen & Butcher 1997).  However, without 
adequate reservation and management, aquatic sites assessed as having high 
conservation value remain unprotected. 
 
This chapter deals with the evaluation of Ausrivas sites in the south-west to determine 
those that are of high conservation value for the protection of species of Odonata, 
Plecoptera and Trichoptera.  In order to examine the degree of protection afforded to 
sites found to have high conservation value, reservations within the south-west were 
also assessed according to how much protection from human disturbance they provide 
to aquatic systems. 
 
5.2 Methods 
Ausrivas site data were analysed for conservation significance using four main criteria; 
species richness, the presence of rare, highly restricted and/or threatened species, the 
identification of representative communities, and the presence of species of 
biogeographic or phylogenetic significance.   Due to constraints in the dataset (not all 
sites were sampled in the same season/ year) the south-west was again divided into the 
two regions used for logistic regression analysis (Chapter 4); the low rainfall (<800mm) 
sites sampled in winter/ spring 1997 ( a total of 141 sites), and the higher rainfall 
(>800mm) sites sampled in winter/ spring 1999 (a total of 171 sites) (see Figure 4.1 for 
site locations).  As a result of the temporal differences in sampling, these regions could Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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not be compared with each other.  Only data from the most common Ausrivas habitat, 
channel, was used in the analysis of sites. 
 
Species richness 
The number of species occurring at each site was recorded.  For each region, the top ten 
percent of sites based on species richness were recorded as having high species richness. 
 
Occurrence of significant species 
The number of rare, highly restricted and/or threatened species, as determined through 
species conservation status analysis (Chapter 3), was recorded for each site. 
 
Identification of representative communities 
Classification and ordination were conducted on the Odonata, Plecoptera and 
Trichoptera species assemblages at each site using Hierarchical cluster analysis and 
Multi-Dimensional Scaling (MDS) within the PRIMER statistical software package 
(Clarke & Warwick 1994).  Only sites sampled in reference condition (pristine to 
minimally disturbed) were included in the multivariate analyses to reduce the influence 
of human disturbance on site groupings.  This resulted in the analysis of 108 sites from 
the wheatbelt and 161 from the coastal region. 
 
Biogeographic or phylogenetic significance 
Species with high biogeographic or phylogenetic significance occurring in south-
western Australia were established using published literature.  The presence of such 
species at each site was then recorded. 
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Conservation status of sites 
A table summarizing the criteria outlined above was then produced in order to identify 
sites of high conservation priority within both regions. 
 
Degree of Protection 
Sites found to have high conservation status based on their Odonata, Plecoptera and 
Trichoptera species compositions were assessed to determine the level of protection 
from anthropogenic disturbances.  Sites were considered to be protected if the majority 
of the catchment was contained within conservation reserves and upstream and within 
catchment disturbances were considered minimal. 
 
5.3 Results 
Species Richness 
The species richness of Plecoptera, Odonata and Trichoptera in samples collected 
during winter/spring 1999 from the high rainfall region ranged from one to eleven.  The 
highest species richness was found at sites HAR17 (Harvey tributary, Link Rd) and 
MRY08 (Murray River tributary, Torrens Rd).  The top ten percent of sites based on 
species richness contained eight species or more. 
 
Species richness of the low rainfall wheatbelt sites sampled during winter/spring 1997 
was lower, ranging from one to eight.  The sample collected from GRE13 (Rushy Gully, 
Greenough River) was found to contain the greatest number of species.  A species 
richness of five or above, determined from the top ten percent of sites ranked according 
to species richness, was the criterion established for high species richness. 
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Occurrence of rare, highly restricted and/or threatened species 
A total of 46 species were found to be rare, highly restricted and/or threatened within 
the south-west based on the IUCN redlist criteria (Chapter 3).  This consisted of five 
species of Odonata and 41 species of Trichoptera.  The greatest number of rare, highly 
restricted and/or threatened species at any one site within the high rainfall region was 
five, recorded at HAR02 (Harvey River tributary).  Only two sites in the low rainfall 
region recorded the presence of rare, highly restricted and/or threatened species.  These 
were MHR03 (Mullering Brook, Hill River tributary) and AVO02 (Dale River) with 
only one species each. 
 
Identification of representative communities 
Cluster analysis of the 1999 high rainfall sites revealed two main groups of sites – one 
of which (group 2) contains sites with significantly higher species richness and 
receiving greater rainfall than the other (group 1) (Mann Whitney test, p < 0.0001 &  
p < 0.0001, respectively).  Figure 5.3 shows the two groups and their centroids in 
ordination space using MDS analysis.  Three sites (BLA07, DEN01 & SHA09) were 
equally closest to the centroid of group 1 and were therefore chosen as representative of 
those sites in group 1.  The site closest to the centroid and chosen to be representative of 
group 2 was MRY32. 
 
The 1997 low rainfall sites were also separated into two main groups based on cluster 
analysis.  These groups appeared to be based more on geographic location with sites 
from the south-eastern wheatbelt region around Esperance and Albany making up group 
1 and predominately sites from the western and northern wheatbelt regions in group 2.  
The two groups of sites significantly differed from each other in conductivities (p < 
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and reduced species richness.  Ten sites (ALB02, ALB03, ALB10, ALB12, ALB29, 
ESP08, ESP15, ESP17, ESP18, ESP19) were equally closest to the centroid and were 
chosen as being representative of the sites in group 1 (see Figure 5.4).  The species 
richness of these sites was very low with only one saline tolerant species (Symphoneuria 
wheeleri) found to occur.  Only one site, GRE29, was identified as being closest to the 
centroid of group 2 and thus representative of that group. Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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Figure 5.3 - 1999 MDS ordination showing cluster analysis groups 
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Figure 5.4 – 1997 MDS ordination showing cluster analysis groups Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
 
136 
 Biogeographic or phylogenetic significance  
Ten species of Odonata occurring in the south-west have previously been identified as 
being of Gondwanan affinity (Hopper et al. 1996).  A further species, Petalura 
hesperia, is considered an ancient, relictual species with archaic morphological features 
and as such has also been identified as having high biogeographic and phylogenetic 
significance (Barrett & Williams 1998; Davies 1998).  The only family of Plecoptera 
recorded from the south-west (Gripopterygidae), containing three species, is also 
believed to have high biogeographic significance due to its Gondwanan affinities 
(Hopper et al. 1996; Dunn 2001).  In the Trichoptera, two families containing three 
species have been listed as being of Gondwanan affinity (Hopper et al. 1996).  Table 
5.2 lists species occurring in the south-west that are believed to be of high 
biogeographic or phylogenetic significance. 
 
The majority of sites within the high rainfall region of the south-west were found to 
contain biogeographically or phylogenetically significant species.  In the wheatbelt, 
however, species identified as being of Gondwanan affinity were found to occur at only 
five sites. 
 
Table 5.2 – Species of Odonata, Plecoptera and Trichoptera with high biogeographic or phylogenetic 
significance occurring in south-western Australia. 
Order Family  Species 
Odonata Austrocorduliidae Lathrocordulia metallica 
 Gomphidae  Armagomphus armiger 
   Austrogomphus collaris 
   Austrogomphus lateralis 
 Megapodagrionidae  Archiargiolestes parvulus 
   Archiargiolestes pusillissimus 
   Archiargiolestes pusillus 
   Miniargiolestes minimus 
 Oxygastridae  Hesperocordulia berthoudi 
 Petaluridae  Petalura hesperia 
 Synthemistidae  Austrosynthemis cyanitincta 
Plecoptera Gripopterygidae  Leptoperla australica 
   Newmanoperla exigua 
   Riekoperla occidentalis 
Trichoptera Hydrobiosidae  Apsilochorema urdalum 
   Taschorema pallescens 
 Philorheithridae  Kosrheithrus boorarus Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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Conservation status of sites 
A total of 57 out of the 171 high rainfall Ausrivas sites were identified as having high 
conservation value using the selected criteria (see Table 5.3).  All of the twelve 
catchments were represented within the high conservation sites, with the lower Murray, 
lower Blackwood, Harvey and Donnelly catchments containing the greatest number of 
high conservation value sites (11, 8, 7 & 6, respectively) (see Table 5.5).  
Proportionally, the Donnelly and Kent catchments contained the largest percentage of 
sites with high conservation value (67 & 56%, respectively).  The site with the highest 
combined conservation value as determined by addition of the assessment criteria was 
HAR02 (Harvey River tributary), followed by MRY08 (Murray River tributary, Torrens 
Rd) and MRY32 (Murray River, Reynolds Bridge). 
 
Of the 141 low rainfall Ausrivas sites sampled, 30 sites distributed throughout all the 
catchments satisfied the criteria for high conservation value (see Table 5.4).  The 
Greenough River, Albany coast and Esperance coast catchments contained the greatest 
number of high conservation status sites, (6, 5 & 5, respectively) (see Table 5.5).  The 
Esperance coast also contained the greatest proportion of high conservation sites, 
followed by the upper Murray (83 & 44%, respectively).  MHR03 (Mullering Brook, 
Hill River catchment) was the site with the highest combined conservation assessment 
score. 
 
Figure 5.1 shows the location of sites found to have high conservation value within 
south-western Australia. 
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Table 5.3 : High conservation value Ausrivas sites sampled during 1999 within the high rainfall region of 
south-western Australia. 
 
 
High species 
richness 
No. of rare 
species 
No. of highly 
restricted species. 
Representative 
community 
Presence of 
biogeographically 
significant species 
Total Landuse 
HAR02 1  3  2  -  1  7  Forestry 
MRY08 1  2  2  -  1  6  Forestry 
MRY32 1  1  2  1  (2)  1  6  Forestry 
SHA17 1  1  2  -  1  5  Conservation 
SHA18 1  1  2  -  1  5  Conservation 
DON02 1  1  1  -  1  4  Forestry 
DON05 -  1  2  -  1  4  Conservation 
HAR17 1  1  1  -  1  4  Forestry 
MRY07 -  1  2  -  1  4  Forestry 
BUS25 1 0  1  -  1  3  Agriculture 
DON03 -  1  1  -  1  3  Forestry 
HAR01 -  1  1  -  1  3  Forestry 
HAR10 -  1  1  -  1  3  Forestry 
HAR18 1  0  1  -  1  3  Forestry 
KEN01 -  1  1  -  1  3  Forestry 
KEN03 1  0  1  -  1  3  Forestry 
MRY01 -  1  1  -  1  3  Forestry 
MRY29 -  1  1  -  1  3  Forestry 
MRY38 -  1  1  -  1  3  Forestry 
BLA06 -  0  1  -  1  2  Conservation 
BLA07 -  0  0  1  (1)  1  2  Conservation 
BLA09 -  0  1  -  1  2  Forestry 
BLA44 -  0  1  -  1  2  Agriculture 
BLA45 1  0  0  -  1  2  Agriculture 
BLA46 -  0  1  -  1  2  Forestry 
BLA47 1  0  0  -  1  2  Agriculture 
BLA50 1  0  0  -  1  2  Agriculture 
COL05 -  0  1  -  1  2  Forestry 
DEN01 -  0  0  1  (1)  1  2  Forestry 
DEN02 -  0  1  -  1  2  Forestry 
DEN07 -  1  0  -  1  2  Forestry 
DON01 1  0  0  -  1  2  Forestry 
DON09 -  1  0  -  1  2  Forestry 
DON10 -  0  1  -  1  2  Conservation 
HAR12 1  0  0  -  1  2  Agriculture 
HAR19 1  0  0  -  1  2  Forestry 
KEN07 1  0  0  -  1  2  Forestry 
MRY03 -  0  1  -  1  2  Remnant 
MRY06 -  0  1  -  1  2  Forestry 
MRY09 -  0  1  -  1  2  Conservation 
MRY11 -  0  1  -  1  2  Agriculture 
MRY33 1  0  0  -  1  2  Forestry 
PRE01 - 0  1  -  1  2  Forestry 
PRE03 - 0  1  -  1  2  Forestry 
SHA02 -  0  1  -  1  2  Conservation 
SHA09 -  0  0  1  (1)  1  2  Conservation 
SHA16 1  0  0  -  1  2  Conservation 
SWA04 -  0  1  -  1  2  Forestry 
SWA08 -  0  1  -  1  2  Conservation 
SWA09 -  0  1  -  1  2  Urban 
WAR01 1  0  0  -  1  2  Forestry 
WAR03 1  0  0  -  1  2  Conservation 
BUS24 1 0  0  -  -  1  Agriculture 
DEN05 -  0  0  -  1  1  Forestry 
DEN10 -  0  1  -  -  1  Agriculture 
KEN02 -  0  1  -  -  1  Forestry 
KEN06 -  0  1  -  -  1  Forestry 
High species richness – 1 = species richness greater than 8; Representative community – 1 (1) = site/s most representative of group 
1,   1 (2) = site/s most representative of group 2;  Presence of biogeographic significant species – 1 = present. 
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Table 5.4 : High conservation value Ausrivas sites sampled during 1997 within the low rainfall region of south-western Australia. 
 
 
High species 
richness 
No. of rare 
species 
No. of highly 
restricted species 
Representative 
community 
Presence of 
biogeographically 
significant species 
Total Landuse 
MHR03 -  1  1  -  1  3  Agriculture 
AVO02  -  1 1  -  - 2  Forestry 
AVO18 1  0  0  -  1  2  Agriculture 
MHR02 1  0  0  -  1  2  Crown  Land 
MRY22 1  0  0  -  1  2  Remnant 
SWA12 1  0  0  -  1  2  Agriculture 
ALB02  -  0 0  1  (1)  - 1  Conservation 
ALB03  -  0 0  1  (1)  - 1  Conservation 
ALB10  -  0 0  1  (1)  - 1  Conservation 
ALB25  1  0 0  -  - 1  Conservation 
ALB29  -  0 0  1  (1)  - 1  Remnant 
AVO07  1  0 0  -  - 1  Agriculture 
BLA25  1  0 0  -  - 1  Agriculture 
ESP08  -  0 0  1  (1)  - 1  Conservation 
ESP15  -  0 0  1  (1)  - 1  Remnant 
ESP17  -  0 0  1  (1)  - 1  Agriculture 
ESP18  -  0 0  1  (1)  - 1  Remnant 
ESP19  -  0 0  1  (1)  - 1  Conservation 
GRE13  1  0 0  -  - 1  Agriculture 
GRE15  1  0 0  -  - 1  Agriculture 
GRE16  1  0 0  -  - 1  Agriculture 
GRE27  1  0 0  -  - 1  Agriculture 
GRE29  -  0 0  1  (2)  - 1  Remnant 
GRE31  1  0 0  -  - 1  Agriculture 
MHR11  1  0 0  -  - 1  Remnant 
MHR13  1  0 0  -  - 1  Agriculture 
MRY14  1  0 0  -  - 1  Agriculture 
MRY18  1  0 0  -  - 1  Agriculture 
MRY20  1  0 0  -  - 1  Agriculture 
SWA07  -  0 1  -  - 1  Conservation 
High species richness – 1 = species richness greater than 8; Representative community – 1 (1) = site/s most representative of group 
1,   1 (2) = site/s most representative of group 2;  Presence of biogeographic significant species – 1 = present. 
 
 
Table 5.5 – Total number and percentage of high conservation value sites per catchment in both the high rainfall and wheatbelt 
regions of south-western Australia. 
Catchment Region  No. of high conservation  
value sites  Total sites  Percentage 
Albany Coast  Wheatbelt  5 23  22 
Avon  Wheatbelt  3 17  18 
Busselton Coast  High rainfall  2 20  10 
Collie  High rainfall  1 9  11 
Denmark Coast  High rainfall  5 11  46 
Donnelly  High rainfall  6 9  67 
Esperance Coast  Wheatbelt  5 6  83 
Greenough  Wheatbelt  6 32  19 
Harvey  High rainfall  7 15  47 
Kent  High rainfall  5 9  56 
Lower Blackwood  High rainfall  8 17  47 
Lower Murray  High rainfall  11 25  44 
Lower Swan  High rainfall  3 18  17 
Moore – Hill  Wheatbelt  4 13  31 
Preston  High rainfall  2 6  33 
Shannon  High rainfall  5 14  36 
Upper Blackwood  Wheatbelt  1 17  6 
Upper Murray  Wheatbelt  4 9  44 
Upper Swan  Wheatbelt  2 6  33 
Warren  High rainfall  2 11  18 
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Degree of Catchment Protection 
Table 5.6 lists the large conservation reserves within the south-west and the degree of 
catchment protection they provide for aquatic systems.  Sites within those conservation 
reserves with good to excellent protection are listed in Table 5.7.  A total of 16 sites 
(14%) sampled during 1999 were considered well protected within the high rainfall 
region, while only eight sites (3%) sampled during 1997 were listed as well protected 
within the wheatbelt region. 
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Figure 5.1 – Location of high conservation value Ausrivas sites in both the 
high rainfall (sampled during 1999) and low rainfall (sampled during 1997) 
areas of south-western Australia. Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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Table 5.7 – Ausrivas sites contained within protected conservation reserves. 
 
Site code  Site name  Latitude  Longitude  Conservation reserve 
ALB03  Quoin Head Track  33 53 16  119 51 59  Fitzgerald N. P. 
ALB07  Johnsons Pool  34 09 30  119 32 52  Fitzgerald N. P. 
ALB23  Fitzgerald Inlet  34 04 29  119 32 53  Fitzgerald N. P. 
ALB34  Papa Colla Creek  34 19 43  118 10 49  Stirling Range N. P. 
ALB35  Stirling Range Drive  34 24 13  117 54 21  Stirling Range N. P. 
ALB37  Young River  34 25 37  117 43 29  Stirling Range N. P. 
ESP07  Hellfire Bay  34 00 14  122 09 38  Cape Le Grand N. P. 
ESP25  Lower Phillips  33 49 53  120 04 17  Fitzgerald N. P. 
SHA01  Curtin 4 Rd, Shannon River  34 34 04  116 25 52  Shannon Bioregional Park 
SHA02  O'Sullivan 12 Rd, Fish Creek  34 40 21  116 22 37  Shannon Bioregional Park 
SHA04  Nelson Rd  34 42 24  116 21 27  Shannon Bioregional Park 
SHA05  Chesapeake Rd (Old bridge)  34 50 18  116 22 17  Shannon Bioregional Park 
SHA07  Downstream of SGS606, Weld trib.  34 41 22  116 31 24  Shannon Bioregional Park 
SHA09  Weld Rd, Deep River  34 42 06  116 37 09  Shannon Bioregional Park 
SHA10  Bevan Rd, Deep River  34 35 26  116 33 13  Shannon Bioregional Park 
SHA11  Centre Rd, Our Brook  34 54 40  116 37 32  Shannon Bioregional Park 
SHA12  Bell Brook, off South-western Hwy  34 58 22  116 35 54  Shannon Bioregional Park 
SHA13  Quinn Rd, Samuels Brook  34 56 06  116 40 32  Shannon Bioregional Park 
SHA14  Off Plain Rd, Walpole River  34 57 35  116 42 21  Shannon Bioregional Park 
SHA15  Middleton Rd, unnamed trib.  34 36 44  116 09 41  Shannon Bioregional Park 
SHA16  Meerup River  34 40 36  116 01 01  Shannon Bioregional Park 
SHA17  Doggerup Creek  34 44 06  116 03 17  Shannon Bioregional Park 
SHA18  unnamed trib., Chudalup  34 48 38  116 05 20  Shannon Bioregional Park 
SHA19  Midleton Rd, Boorara Brook  34 36 45  116 13 16  Shannon Bioregional Park 
 
 
 
5.4 Discussion 
Separate analysis of high rainfall and wheatbelt sites was necessary due to temporal 
differences in sampling making comparisons difficult.  However, results from species 
distribution analysis (Chapter 2) show that the compostitions of the two regions appear 
to differ substantially from each other, justifying their separate analysis.  In addition, 
large differences in macroinvertebrate community compositions between the wheatbelt 
and high rainfall regions in the south-west have been detected previously at the family 
level (Smith et al. 1999).  Separate analysis resulted in the identification of high 
conservation value sites representative of both regions.  This is particularly important 
given that species richness and occurrence of significant species was much lower in the 
wheatbelt, compared to the higher rainfall regions.  Combined analysis of the two Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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regions may have resulted in less wheatbelt sites being identified as having high 
conservation status.  Despite the lower number of species and rare species at sites, this 
region contains several species endemic to it (eg Lectrides sp. AV1, Leptorussa sp.), as 
well as unique community assemblages which are important to conserve. 
 
It is not surprising that protection of high conservation value sites in the wheatbelt 
region was found to be virtually non-existent.  After extensive clearing for agriculture, 
only 7% of the vegetation is believed to survive in small and scattered patches (Lefroy 
et al. 1991).  The landuse surrounding half the sites found to have high conservation 
value in the wheatbelt was agriculture.  Most of the remaining sites were found in 
remnant vegetation or small conservation reserves, showing the importance of these in a 
highly fragmented landscape. 
 
The Esperance coast catchment was found to contain the greatest proportion of high 
conservation sites in the wheatbelt (83%).  However, this assessment was based on a 
large number of sites being chosen as representative of the naturally saline, southern 
group of sites.  These sites were found to have identical compositions within the orders 
studied, containing only one species – the salt tolerant caddisfly Symphitoneuria 
wheeleri.  No other conservation values were identified at these sites.  While it is 
important to conserve this type of unique aquatic system, the method used in this study 
to choose sites most representative of different community types may have resulted in 
sites within the Esperance coast catchment being over prioritised for conservation. 
 
Potentially, the majority of high rainfall sites in the south-west could be considered as 
having high conservation value due to the presence of both regionally endemic species 
and biogeographically significant species of Gondwanan affinity.  In order to determine Chapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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conservation priorities for the high rainfall region, the sum of the four criteria was 
considered, resulting in the presence of biogeographically or phylogenetically 
significant species having little impact on the final selection of high conservation value 
sites.  However, it is worth noting the overall importance of the high rainfall region to 
the conservation of aquatic insects in south-western Australia. 
 
In contrast to the wheatbelt, over half of the high conservation value sites in the high 
rainfall region were contained within land set aside for forestry.  These sites generally 
remain in a natural condition, however potential impacts include logging, road 
construction, changed fire regimes and introduced species.  As such, these sites are not 
considered to be well protected against future disturbance.  A larger proportion of sites 
were considered to be well protected within the high rainfall region compared to the 
wheatbelt, however this number is still low (14%).  All of the protected sites occurred 
within one conservation reserve – the Shannon Bioregional Park.  This agrees with an 
assessment by Trayler et al. (1996) which estimated that 86% of known aquatic fauna 
species within the Warren Bioregion of the south coast (which includes the Shannon 
Bioregional Park) are contained within secure nature reserves.  While reservation in the 
Shannon catchment is considered excellent, more protection is needed for streams in 
other catchments of the south-west, in particular those found to have a large number of 
high conservation value sites such as the Harvey, Murray and Donnelly River 
catchments.  Overall, the conservation status of lotic habitats is believed to be 
inadequate throughout Australia, with the only two exceptions being the Shannon River 
in south-western Australia and the Franklin River in Tasmania (Yen & Butcher 1997).  
The results of this study agree with this assessment. 
Table 5.6 - Large conservation reserves and degree of catchment protection for aquatic systems in south-western 
Australia. 
Name Location  Degree  of Catchment Protection 
Nambung NP 
Badgingarra NP  Hill River region, near Jurien  Some protection of coastal wetlands/swamps in Nambung NP.  LimChapter 5 – Conservation value and reservation status of lotic sites in s-w Aust. 
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Lesuer NP 
Alexander Morrison NP 
Watheroo NP 
Moore River NP  Near Lancelin  Limited protection of lotic systems.  Some protection of lentic and s
disturbance from surrounding landuse. 
Yanchep NP 
Neerabup NP  Near Yanchep  No protection of lotic systems.  Some protection of lentic and subte
from surrounding landuse. 
John Forest NP 
Gooseberry Hill NP 
Greenmount NP 
Lesmurdie Falls NP 
Walyunga NP 
Avon Valley NP 
East of Perth  Small, fragmented reserves.  Some protection of upland streams, ho
use. 
Serpentine NP  Near Serpentine  Some protection of upland streams, however is affected by dam ups
Yalgorup NP  South of Mandurah  Some protection of coastal lakes and wetlands, however may be aff
Tuart Forest NP  Near Capel  Limited protection of aquatic systems 
Leeuwin-Naturaliste NP  Coastal from Cape Naturaliste 
to Cape Leeuwin  Protection of lentic systems.  Limited protection of lotic systems. 
Scott NP  East of Augusta  Limited protection of lower reaches of Blackwood and Scott Rivers
D’Entrecasteaux NP 
Shannon NP 
Walpole-Nornalup NP 
Beedelup NP 
South of Pemberton, west of 
Walpole 
Excellent for the whole of the Shannon River catchment, as well as 
reserved catchment in the south-west. 
Mount Franklin NP  North of Walpole  Some protection of the Deep and Franklin Rivers, however may be 
Waychinicup NP  Near Albany  Limited protection of aquatic systems. 
Stirling Range NP  North of Albany  Good protection of the head waters of tributaries flowing to the Kal
Fitzgerald River NP  NE of Bremer Bay  Good protection for the lower reaches of Fitzgerald and Hamersley 
Cape Le Grand NP  Near Esperance  Good protection of lentic systems and short coastal creek (Marbellu
Frank Hann NP  East of Lake King  Protection of some wetlands and water courses in low rainfall regio
Peak Charles NP  West of Salmon Gums  Protection of some wetlands and water courses in low rainfall regio
 
 Chapter 6  
General discussion, management implications and recommendations 
 
This study has provided the most comprehensive dataset currently available on the 
distributions of aquatic insects within south-western Australia.  It found that the high 
rainfall region, which occurs between Perth and Albany, was particularly important for 
a large proportion of the odonate, plecopteran and trichopteran fauna.  This region also 
contains the majority of rare and highly restricted species, further supporting its 
importance for aquatic insect conservation. 
 
A large number of the lotic sites found to be of high conservation value within this 
region (based on species composition of Odonata, Plecoptera and Trichoptera) were 
contained within forestry reserves (58%).  This fact indicates the importance of 
maintaining best practise approaches to any timber harvesting in these areas in the 
future.  The maintenance of riparian buffer zones is considered to be particularly 
important for the protection of stream water quality and conservation of aquatic 
ecosystems (Growns 1992). 
 
Elevated salinities and nutrient concentrations, occurring as a result of human activities 
such as landclearing, agriculture and urbanisation, are also factors which were found to 
be of concern for aquatic insect conservation in the high rainfall region of the south-
west.  Analysis using logistic regression found the probability of occurrence of many 
high rainfall species decreased with increasing concentrations of these variables.  These 
variables can affect aquatic insects some distance downstream, further emphasising that 
the creation of conservation reserves does not necessarily guarantee protection from 
upstream and within catchment disturbances. Chapter 6 – General discussion, management implications and recommendations 
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The low rainfall region, or wheatbelt, of the south-west was found to have a different 
aquatic insect fauna to that of the high rainfall region.  This fauna consisted of fewer, 
but more widespread species.  These species are better adapted to the low rainfall 
environments and poorer water quality found in the wheatbelt.  The ability to breed in 
arid areas has enabled the majority of these species to penetrate inland Australia so that 
most have distributions that extend beyond Western Australia.  It is also possible that 
large scale human disturbance from widespread agricultural practises within the 
wheatbelt may have contributed to a loss of species from the region. 
 
Despite being largely cleared and highly degraded, the wheatbelt does contain two 
species of Trichoptera (Lectrides sp. AV1 and Leptorussa sp.) that are restricted to the 
region and were found to be of high conservation value.  The new species of Leptorussa 
collected in the Ausrivas samples is particularly rare and restricted within the region.  
The Hill River catchment is particularly important from a conservation point of view 
due to the presence of this rare caddisfly and being the most northerly known location 
of Plecoptera within Western Australia.  A large number of lotic sites found to have 
high value for protecting aquatic insects in the wheatbelt, including sites where the two 
regionally endemic species occur, were found to be associated with remnant vegetation 
or small conservation reserves.  This highlights the significance of these areas as refuges 
for aquatic insects within a highly fragmented landscape.  The two species endemic to 
the wheatbelt, and the high conservation value sites located within remnant vegetation, 
urgently require protection against future human disturbance and loss.  Given the small 
size of the conservation reserves protecting other high conservation value sites, future 
monitoring and management of impacts of upstream disturbances will be required to 
ensure the conservation of aquatic insect communities at these sites. Chapter 6 – General discussion, management implications and recommendations 
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This study found that 46 of a total of 115 species of aquatic insects occurring in south-
western Australia, the majority of these belonging to the order Trichoptera, were 
classified as threatened.  While some of these may prove to be more common or 
widespread than currently thought as more data becomes available, there are some 
species for which there is a strong case for threatened status and as such should be listed 
at the state, national and/or IUCN international level in order to receive high priority for 
protection.  These species are Petalura hesperia (Vulnerable), Armagomphus armiger 
(Vulnerable), Archaesynthemis spiniger (Endangered), Lectrides sp. AV1 (Vulnerable), 
Westriplectites albanus (Critically Endangered), Kosrheithrus boorarus (Endangered), 
Plectrotarsus minor (Endangered), Adectophylax volutes (Endangered), and 
Plectrocnemia eximia (Endangered).  The Leptorussa species collected during this study 
was found to be extremely rare and highly restricted despite an extensive search for it, 
and should also be listed as Critically Endangered as soon as its taxonomic status as a 
new species has been confirmed.  Further surveys targeting the other species found to be 
rare and threatened in this study should be conducted as soon as possible to further 
define their conservation status to a level suitable for listing under legislation.  Problems 
can occur when species are listed based on incomplete information, including species 
being declared extinct despite an absence of recent surveys targeting the species (Doeg 
1997).  However, with conservation objectives in mind, it may be that drawing attention 
to these species as threatened through listing may be desirable and consistent with the 
precautionary principle. 
 
This study examined the conservation status of Odonata, Plecoptera and Trichoptera 
using the two most common methods in conservation – the species level and reservation 
approaches.  There are a number of limitations associated with these methods.  The Chapter 6 – General discussion, management implications and recommendations 
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species level approach is often criticised for its focus on individual species, the large 
amount of information required to list species, and its reliance on well known taxonomy 
(Yen & Butcher 1997).  In addition, the listing of species can give the impression that 
governments are actively promoting species conservation, when in reality habitat 
modification and further species declines are not being prevented.  For example, in 
Western Australia the Jewel beetle is protected from collectors through listing in 
legislation.  However, in 1980 the WA government announced the release of up to three 
million hectares of land, containing substantial and important areas of Jewel beetle 
habitat, for new farming.  The government position was that although the beetle is 
protected from collecting and trading, the legislation was not intended to provide 
protection at the expense of land development for agriculture or any normal activities of 
government, despite the latter being far more detrimental to the species (New 1984). 
 
The species approach usually results in incomplete lists of threatened species being 
created, which may prevent conservation priorities being developed as effectively as 
possible.  In addition, focus on conserving species one at a time may lead to less 
biodiversity being conserved overall (New 2000).  Given the large numbers and overall 
lack of accurate taxonomic and distributional data for invertebrate species worldwide, it 
may not be feasible to aim for complete assessment of species under this approach 
(Gunning 1999).  However, where such information exists, and where priority for 
research can be given to invertebrate groups with perceived bioindicator or ‘flagship’ 
appeal, the species level approach can provide useful information to assist conservation.  
Dragonflies are often seen as a good ‘flagship’ group due to a greater appeal and 
popularity with the general public (Yen & Butcher 1997).  They are a conspicuous 
component of many aquatic systems, are generally well known taxonomically and are 
also considered good indicators of water quality (New 1984; Samways 1993).  Chapter 6 – General discussion, management implications and recommendations 
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However, many species of Odonata that occur in the south-west are highly mobile and 
widespread, making them less useful from a bioindicator perspective (Samways 1994).  
The species rich and highly endemic Trichoptera may prove to be more useful as 
indicators of overall declines in lesser known aquatic organisms in south-western 
Australia.  In addition, species of both Trichoptera and Plecoptera may also be used as 
bioindicators because of their high sensitivity to pollution and poor water quality 
(Norris & Georges 1993). 
 
Limitations of the reservation approach include lack of planning and inventory of 
reserve areas to maximise biodiversity preservation, and lack of effective threat 
abatement and management of reserve areas leading to reduced biodiversity (Yen & 
Butcher 1997).  The first can be addressed by utilising the species approach in 
conjunction with the reservation method, as was the case in this study using aquatic 
insects.  Effective management of aquatic reserves requires reducing the impacts of 
various disturbances including introduced species, changed flow regimes and landuse 
alterations within the catchment (Trayler et al. 1996; Saunders et al. 2002).  The 
creation of reserves based on the conservation values of a particular group of organisms 
has been found to reflect those of other, lesser known, groups (Awad et al. 2002).  
Designing reserves based on results from the aquatic insect groups studied may help 
protect other invertebrate groups not yet studied in the south-west. 
 
The reservation of only part of a catchment does little to prevent human disturbance 
from adversely affecting aquatic ecosystems, particularly if the disturbance occurs 
upstream.  However, the setting aside of land for conservation which encompasses an 
entire catchment or majority of a catchment, especially for large order streams, is 
extremely rare due to the rarity of undisturbed catchments with non-conflicting landuse Chapter 6 – General discussion, management implications and recommendations 
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issues (Yen & Butcher 1997).  Saunders et al. (2002) suggest an alternative may be to 
design and implement freshwater protected areas, which combine reserves and stream 
buffers, stream threat abatement management, and low-impact human landuses in 
catchments to assist in the conservation of aquatic ecosystems.  Ultimately, while the 
listing of species is useful for highlighting conservation causes, for optimum outcome, 
efforts should be directed towards such habitat preservation and threat abatement (New 
1984; Driessen 1999; Mawson & Majer 1999). 
 
One of the most significant and pressing issues to affect aquatic insect conservation in 
the south-west is that of salinization.  Land clearing throughout south-western Australia, 
particularly in the wheatbelt, has resulted in groundwater levels rising and bringing salt 
stored in the soil to the surface (Williams 1987).  Many streams and wetlands have been 
affected by increasing salinity as a result of direct input of salt from groundwater, 
discharge resulting from the draining of agricultural areas, or runoff (Schofield et al. 
1988; Pen 1999).  Many aquatic organisms, including stoneflies and freshwater mussels, 
are sensitive to increases in conductivity, resulting in changes in community 
composition (Kendrick 1976; Williams 1987; Boulton & Brock 1999).  In south-
western Australia, a study on the Blackwood River found no significant differences in 
macroinvertebrate community composition between the saline upper reaches and the 
relatively fresh lower reaches (Williams et al. 1991).  However, salinities were recorded 
only at the time of sampling and, given that the river is known to be affected by 
salinization within the catchment, salinity may be elevated at different times of the year 
due to seasonal changes in discharge.  This may result in only salt-tolerant taxa 
remaining in the river, and may explain the absence of species from such groups as 
Plecoptera.  Differences in aquatic invertebrate composition have been attributed to 
increasing salinity in other studies within the south-west.  In particular, the insect Chapter 6 – General discussion, management implications and recommendations 
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composition of a highly saline affected stream in south-western Australia was found to 
be only 14% of the macroinvertebrate community, compared to the 70 to 80% found in 
other surveys on streams in the undisturbed Jarrah forests of the region (Bunn & Davies 
1992).  This study found that many species, particularly those restricted to the high 
rainfall region, had low optimal conductivities (Chapter 4).  With the salinities of many 
south-west waterways predicted to increase in the future (Schofield et al. 1988), more 
studies are needed to look at the effect of salinization on aquatic insect species of the 
south-west. 
 
Another important management issue affecting aquatic insects in south-western 
Australia is that of climate change resulting from the greenhouse effect.  Predictions for 
future greenhouse-induced climate change in the south-west are that average 
temperatures will increase and rainfall decrease due to southward movement of sub-
tropical pressure systems which would result in a reduced influence of cold, rain-
bearing westerly fronts.  Modelling has estimated this effect could reduce rainfall by up 
to 20%, and streamflow by as much as 45% (Sadler et al. 1988).  The frequency of 
extreme rainfall events, such as floods and droughts, are also predicted to rise (Pen 
1999).  Winter rainfall over the south-west has already been decreasing since the 1930s 
by an average of 22% (Wright 1992), although it is unknown whether this is the effect 
of greenhouse-induced climate change or natural climatic variability.  The results of this 
study indicate that aquatic insects that are restricted to the high rainfall region would 
most likely be greatly affected by reduced rainfall and increasing temperatures.  With a 
decrease in rainfall, streams will become more seasonal and intermittent, and river pools 
may dry up in summer, affecting species that require permanent water to breed (Chapter 
4).  Wetter, cooler habitats would contract further to the extreme south-west, and the 
distributions of species that are restricted to these habitats will also contract.  In Chapter 6 – General discussion, management implications and recommendations 
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particular, species restricted to the highest rainfall areas near Pemberton and Waroona 
are likely to be adversely affected.  The distributions of northern tropical species may 
also extend further south into the region.  The distributions of many species of plants, 
birds, reptiles and amphibians have also been predicted to contract towards the extreme 
south-west (Arnold 1988). 
 
Any increases in temperature will particularly affect the lifecycles of Plecoptera and 
Trichoptera (Sweeney et al. 1992).  The low altitudinal range of the south-west means 
that species affected cannot migrate upstream to higher altitudes in response to higher 
temperatures (Mansergh & Bennett 1989; Yen & Butcher 1997).  In addition to the 
predicted effects of climate change, the effects of increasing anthropogenic disturbance, 
including salinization, fragmentation of habitat and greater demand for water supply, 
will further burden already stressed taxa (Mansergh & Bennett 1989; Yen & Butcher 
1997; Pen 1999).  Future monitoring of aquatic insect species for declines in range will 
prevent affected species from disappearing unnoticed.  The protection of aquatic 
habitats in the higher rainfall south-west from the effects of disturbances, such as timber 
harvesting, will also contribute towards maintaining a refuge for these species in the 
event of climate change. 
 
The aquatic insect fauna of Australia comprises at least thirteen orders (Williams 1980).  
Due to limitations in time and money, this study was restricted to groups that contained 
species with larval stages that were almost always aquatic.  However, the study was also 
impeded by a lack of available taxonomic knowledge for most of the aquatic insect 
orders.  This taxonomic impediment is widely accepted as a hinderance to the 
conservation efforts being directed towards invertebrates and other lesser known groups 
of organisms (Key 1978; New 1984; Michaelis 1986; Gunning 1999).  Of all the aquatic Chapter 6 – General discussion, management implications and recommendations 
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insect fauna occurring in the south-west, the Odonata, Plecoptera and Trichoptera are 
the best known.  The taxonomy of Trichoptera is not as well known as that of the other 
two, with further work needed to associate larval forms with adults.  Despite this, 
undescribed trichopteran larvae could be readily identified as morphospecies based on a 
unified system of voucher collection specimens and identification keys that have been 
developed.  As a result of this, useful distributional and conservation status data were 
obtained for this order, highlighting the value of the use of morphospecies as a way of 
identifying different species when limited resources are available.  In addition, 
undescribed species are able to be listed for protection under legislation provided such a 
system of consistent coding and reference voucher collection is in place (New 2000).  
However, associating larvae with adult forms will provide further information to assist 
conservation.  For example, combining adult records with larval records will provide a 
more powerful assessment of how rare and/or restricted a species is. 
 
The information used in this study was obtained from a variety of sources, the most 
important of which were the Ausrivas samples, collected as part of a nation-wide 
biomonitoring program, and the Salinity Action Plan (SAP) database, which was 
complied from a species-level biological study of the wheatbelt wetland fauna.  Despite 
being collected for a different purpose, the Ausrivas samples proved extremely useful 
for collecting biodiversity information when further processed to species level.  
Information obtained from the comprehensive SAP survey of the wheatbelt was equally 
valuable for providing species distributional data within the larger regional scale of the 
south-west.  Both the Ausrivas and SAP surveys are examples of broad-based 
invertebrate surveys, which are at present the most cost-effective way of collecting data 
on a large number of invertebrate groups (Yen & Butcher 1997).  This was certainly the 
case for this study as the cost and time required to acquire and process as Chapter 6 – General discussion, management implications and recommendations 
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comprehensive a collection of samples would far exceed that needed to identify samples 
already sorted into families and to collate other existing information.  Broad-based 
invertebrate surveys such as these are invaluable in invertebrate conservation research, 
even if the benefits are not fully realised immediately.  Such surveys would have been 
extremely valuable had they been conducted last century and would have provided 
evidence of former distributions, extinct species and ensuing human impacts.  However, 
the use of such collections in the future is reliant on how well samples are preserved.  
Current concerns in sample maintenance raised during data collection for this study 
include ensuring ethanol does not dry out in samples and labels remain attached and 
legible. 
 
The results of this study offer the most detailed insight to date into the distributions and 
conservation status of aquatic insects in the south-west.  However, there are still many 
gaps in our knowledge that need addressing.  Within the orders studied, more research 
is needed on many of the species that were found to be rare.  In particular, little is 
known about species that inhabit the high rainfall lentic habitats of the south-west.  
More detailed studies on the biology, habitat and population dynamics of species found 
to be threatened will assist in their conservation.  This study provides baseline 
information for which future changes in species occurrence and distribution can be 
detected.  It is hoped that this study will also assist and encourage further interest in this 
important area. 
 Chapter 6 – General discussion, management implications and recommendations 
155 
Recommendations 
•  Protect stream ecosystems in forestry reserves within high rainfall areas of 
south-western Australia by ensuring that buffers exist and their integrity is 
maintained along all drainage lines and watercourses during timber 
harvesting operations. 
•  Conduct further research into the biology, habitat and population dynamics 
of threatened species within the south-west. 
•  Continue to monitor species occurrences to detect future declines in range. 
•  Prevent or reduce existing impacts on high conservation value sites from 
disturbances such as changes in catchment landuse, alteration of natural flow 
regimes and introduced species. 
•  Improve protection for high conservation value sites associated with remnant 
vegetation within the wheatbelt. 
•  Improve taxonomic knowledge of aquatic insects in south-western Australia, 
including determining the taxonomic status of the recently collected rare 
Leptorussa sp.  
•  Further utilise the collection of Ausrivas samples and the SAP database to 
investigate the conservation status of other aquatic invertebrates within the 
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